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PRELIMINARY  NOTE 


ON  THE 

VIABILITY  OF  THE  BACILLUS  PESTIS. 


M.  J.  Eosenau,  Passed  Assistant  Surgeon,  and  Director  of  the  Hygienic  Laboratory, 

United  States  Marine-Hospital  Service. 


There  seem  to  be  three  factors  that  influence  the  life  of  the  bacillus 
pestis  in  the  outer  world,  viz,  light,  moisture,  and  temperature.  The 
bacillus  withstands  quick  drying  very  badly,  as  all  the  experiments  in 
this  direction  indicate.  It  can  not  live  long  in  the  sunshine.  High 
temperatures  are  invariably  fatal. 

That  it  always  and  under  all  circumstances  dies  in  so  short  a time  as 
five  days,  as  the  work  of  Kitasato  and  Wilm  first  indicated,  must  now 
be  doubted  in  view  of  the  experience  of  Abel,  Ficker,  Batzaroff,  Han- 
kin,  The  German  Plague  Commission,  Germano,  Giaxa,  and  myself. 

The  bacillus  of  plague  does  not  exist  in  nature  on  glass  cover  slips, 
nor  yet  in  the  desiccator  over  concentrated  sulphuric  acid.  With  us  it 
certainly  would  not  be  exposed  to  drying  in  our  houses,  and  on  fabrics, 
at  temperatures  of  30°  and  37°  G.,  conditions  under  which  many  of  the 
tests  to  determine  the  viability  of  the  organism  were  made. 

We  ought,  therefore,  not  to  apply  the  experience  of  the  laboratory 
too  literally  to  the  life  history  of  the  plague  bacillus  in  nature,  for  we 
can  not  imitate  all  the  conditions  under  which  the  organism  may  exist. 
We  may  determine  with  fair  certainty  the  length  of  time  the  plague 
bacillus  may  live  under  given  conditions ; and  in  general  terms  we  can 
' state  whether  it  is  a hardy  organism,  resistant  to  influences  usually 
detrimental  to  bacterial  life,  or  one  that  loses  its  virulence  and  dies 
quickly  when  removed  from  its  natural  habitat. 

In  this  laboratory  we  have  worked  with  the  organism  from  5 sources, 
1 from  Djiddah,  1 from  Oporto,  1 from  Eio  de  Janeiro,  1 from  Bombay, 
and  1 from  the  New  York  quarantine  case.  We  find  that  all  these  5 
races  thrive  well  under  the  usual  laboratory  conditions  on  the  ordinary 
media. 

They  can  in  no  sense  be  considered  tender  organisms,  as  was  at  first 
supposed.  They  are  much  easier  to  cultivate  than  the  lanceolate  coccus 
of  pneumonia  or  the  streptococci.  In  fact,  they  resemble  more  closely 
the  hardier  of  the  hemorrhagic  sfepticccmic  group. 
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In  this  connection,  Batzaroff  (a) states:  ^‘It  may  be  said  that  it  is  a 
mistake  to  consider  the  microbe  of  human  pest  to  be  very  frail.  There 
undoubtedly  exist  varieties  that  attenuate  very  quickly,  and  die  outside 
the  living  body  in  a relatively  short  time.  There  are  other  varieties 
that  retain  their  viability  under  similar  conditions  a long  time,  and 
continue  to  live  in  artificial  media  for  months  and  even  years  without 
notably  losing  virulence.  We  have  seen  that  certain  of  our  cultures 
which  have  been  kept  in  the  laboratory  without  any  precautions  and 
exposed  to  the  light  for  three  and  one-half  months,  still  kill  animals 
when  injected  hypodermatically  with  but  slight  retardation;  and  that 
regenerated  2 or  3 times  they  almost  regain  the  virulence  they  first 
possessed.  It  is  not  always  easy  to  obtain  an  attenuated  culture  of 
pest.  It  requires  much  time  and  a combination  of  various  artifices.’’ 

On  first  glance  over  the  literature  on  the  viability  of  the  organism 
there  appears  to  be  an  irreconcilable  difference  among  the  various 
observers  as  to  the  length  of  time  the  organism  will  live  and  maintain 
its  virulence  outside  the  body,  but  on  closer  study  it  becomes  apparent 
that  these  differences  are  due  to  different  conditions  under  which  the 
experiments  were  carried  out,  especially  differences  in  temperature. 
We  must  not  lose  sight  of  the  fact  that  some  races  of  the  organism  are 
more  hardy  than  others. 

It  is  the  experience  of  all  observers  that  the  bacillus  can  not  live  long 
outside  the  body  when  dried  at  a temperature  of  30°  C.,  or  over,  but  at 
a temperature  lower  than  this  and  under  20°  0. , it  has  been  kept  alive 
sixty  and  seventy-five  days. 

The  German  Plague  Commission  (b)  found  that  the  organism  always 
lost  its  power  of  infection  when  dried,  within  eight  days,  in  India,  but 
after  returning  to  Germany  could  be  kept  alive  after  drying  twenty- 
eight  days,  at  15°  to  18°  C. 

My  own  experience  indicates  that  the  organism,  when  dried,  will 
die  quickly  if  the  temperature  reaches  27°  C.  but  that  at  23°  0.  and 
under  it  may  live  a long  time. 

A series  of  experiments  has  been  undertaken  in  this  laboratory  and 
a few  of  the  results  are  given  in  advance  showing  how  long  the 
organism  may  live  and  retain  its  virulence  when  dried  under  various 
conditions. 

ALBUMIN- GELATIN  BALLS  INFECTED  WITH  PLAGUE  CULTURE. 

A little  ball  of  sterile  absorbent  cotton  about  the  size  of  a pea  is  soaked 
with  a few  drops  of  a gelatin  culture  of  plague  (Djiddah)  mixed  with 
egg  albumin,  and  exposed  in  a Petri  dish  in  the  photographic  dark  room 
(20°  to  23°  C.)  and  the  cool  chamber  (17°  to  19°  C.). 

a Batzaroff  La  Pneumonie  pesteuse  experimentale.  Annales  de  I’Institut  Pasteur^ 
May,  1899,  page  391. 

SKaiserliche  Gesundheitsamt,  Bd.  16,  Berlin  1899,  page  274,  et  seq. 
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The  little  balls  soon  dry  and  the  gelatin-albumin  shrinks  to  a flaky, 
dry,  hard  mass. 

From  time  to  'time  one  of  the  dried  balls  is  taken  out,  planted  in 
bouillon,  and  incubated.  In  case  a growth  appears  the  organism  is 
tested  on  all  the  media,  and  on  mice. 

It  was  found  that  the  organism  lived  and  remained  virulent  for  mice 
under  these  conditions  for  seventy-five  days  in  the  dark  room  at  about 
20°  to  23°  C.  and  for  seventy-five  days  in  the  cool  chamber  at  17°  to 
19°  C.  Whether  it  may  live  longer  will  be  determined  from  time  to 
time  and  reported  later  on. 

CRASH  INFECTED  WITH  PLAGUE  CULTURE. 

In  another  series  of  experiments  little  squares  of  fabric  (crash)  were 
sterilized  and  inoculated  with  a three-day-old  bouillon  culture  of  the 
bacillus  pestis.  One  set  of  these  was  allowed  to  dry  out  in  Petri  dishes 
in  a dark  corner  of  the  laboratory  where  the  temperature  ranges  from 
about  20°  to  27°  C.,  another  set  in  the  cool  chamber  (17°  to  19°  C.),  and 
another  set  in  the  photographic  dark  room  (20°  to  23°  0.).  The  squares 
were  removed  at  intervals  and  planted  in  bouillon  and  in  case  a growth 
appeared  it  was  studied  for  purity  and  pathogenicity  in  media  and  mice. 

The  following  are  some  of  the  results  : 


Bouillon  culture  on  crash. 


Time. 

Laboratory 
20°  to  27°  C., 

Cool  chamber,  17°  to  19°  C. 

Dark  room,  20°  to  23°  C. 

4 days.. 

+ 

+ 

-f 

8 days 

— 

+ 

-U 

11  days 

+ 

— 

— 

13  days 

+ 

+ 

+ 

15  days 

— 

— 

-f- 

21  days 

. 

+ Killed  mouse  in  two  days. 

+ Killed  mouse  in  two  days. 

26  days 

— 

— 

+ Killed  mouse  in  three  days . 

35  days.... 

— 

+ 

+ 

48  days 

— 

+ Killed  mouse  in  three  days. 

+ Killed  mouse  in  two  days. 

From  this  table  it  appears  that  the  organism  died  after  thirteen  days 
when  kept  at  a temperature  which  occasionally  rose  to  27°  C. 

At  a somewhat  lower  temperature  it  remained  alive  and  virulent 
forty-eight  days.  Whether  longer,  will  be  reported  upon  the  comple- 
tion of  the  work.  This  table  iodicates  plainly  how  sensitive  this  par- 
ticular organism  is  to  a very  slight  difference  of  temperature. 

PINE  WOOD  INFECTED  WITH  PLAGUE  CULTURE. 

Another  series  of  tests  was  made  with  splinters  of  pine  wood  about 
the  size  of  a match  stick.  _ They  were  sterilized  and  soaked  in  a three- 
day-old  bouillon  culture  of  plague  and  then  placed  in  Petri  dishes 
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which  were  kept  in  the  laboratory  (20^  to  27°  C.).  cool  chamber  (17°  to 
19°  C.),  and  the  dark  room  (20°  to  23°  C.),  ^th  the  following  results : 


Pieces  of  pine  wood  inoculated  icith  ioiiillon  culture  of  bacillus  pestis. 


Time. 

Labora- 

tory. 

Cool  Dark 

chamber,  room. 

Time. 

Labora- 

tory. 

Cool 

chamber. 

Dark 

room. 

4 da vs 

13  davs 





8 da vs 

— 

— 

18  davs 

— 

— 

— 

11  davs 

— 



21  davs 

The  same  culture  was  used  to  impregnate  the  pieces  of  pine  wood  as 
was  used  for  the  squares  of  crash  in  the  preceding  table,  and  these  two 
objects  thus  infected  were  exposed  to  precisely  the  same  conditions.  It 
may  therefore  be  assumed  that  the  organism  lives  a shorter  time  on  the 
one  than  on  the  other, 

PAPER  IXEECTED  WITH  PLAGUE  CULTURE. 

Another  series  of  tests  was  made  with  pieces  of  filter  paper  and  pieces 
of  glazed  (sized)  paper.  This  paper  is  cut  into  little  squares  and  steril- 
ized and  impregnated  in  the  usual  way  with  a three-day-old  bouillon  cul- 
ture of  the  organism.  These  pieces  were  placed  in  Petri  dishes  and 
kept  in  the  desk  in  my  office  where  the  temperature  ranges  from  20°  to 
27°  C.  The  results  follow : 


Plague  culture  dried  on  paper. 


Time. 

Filter 

paper. 

Glazed 

paper. 

Time.  Filter 

paper. 

Glazed 

paper. 

4 davs 

13  davs — 

8 davs 

— 

— 

18  davs — 

— 

11  davs 

— 

On  account  of  the  importance  of  this  subject,  a summary  of  the  litera- 
ture follows : 

Kitasato  (cl)  found  the  organism  alive  after  four  days  when  dried  on 
a glass  cover  slip  and  kept  at  28°  to  30°  C.  It  grew  after  one  to  thirty- 
six  hours,  but  not  after  four  days.  He  used  the  pus  of  buboes  from 
man.  His  experiments  with  serum  cultures  gave  similar  results.  He 
was  the  first  to  study  this  question. 

W lEH  (&)  found  the  organism  alive  after  four  and  one-half  days  on  a 
glass  slip.  He  exposed  pure  cultures  at  a temperature  of  29°  to  fil°  C. 
He  could  obtain  no  growth  in  bouillon  after  an  exposure  of  four  and 
one-half  days.  In  vacuo,  the  bacilli  were  killed  after  an  exposure  of 
three  hours. 


a Preliminary  notice  of  the  bacillus- of  bubonic  plague,  Hongkong,  July  7,  1894. 
b Uber  die  Pest  epidemic  in  Hongkong  im  Jabre  1896.  Hygienische  Rundschau.  1897, 
Bd.  VII,  page  290. 


' - -mF' 

r'" 

f ' 

E.  Abel  (a)  used  pure  cultures  from  bouillon,  agar-agar  and  blood 
serum,  or  pus  from  the  peritoneal  cavity  of  guinea  pigs,  containing  the 
bacillus  pestis.  These  were  planted  on  various  objects — glass  cover 
slips,  silk,  wool,  woolen  cloth,  linen,  and  pieces  of  ox  skin,  and  in 
sterile  earth.  Also  pieces  of  the  organs,  liver,  and  spleen  of  animals 
dead  of  plague  were  dried.  Apx>roximately  similar  sizes  were  taken 
every  day  from  each  object.  The  result  of  these  experiments  showed 
that  the  manner  of  drying  influenced  the  viability  of  the  pest  bacillus. 
Xo  matter  on  what  material,  the  result  of  drying  at  the  temperature  of 
35°  C.  in  the  incubator,  or  20°  C.  in  vacuo  over  sulphuric  acid,  the 
bacillus  was  always  found  dead  in  two,  or  at  most,  four  days.  If  the 
drying  was  permitted  at  the  room  temperature,  16°  to  20°  C.  in  a dark 
place,  the  bacilli  remained  alive  much  longer  and  the  material  in  which 
they  were  dried  markedly  influenced  the  result. 

On  cover  slips  they  remained  alive  six  to  nine  days,  from  pus  and 
cultures.  Only  once  in  four  tests  were  the  bacilli  found  alive  a longer 
time — fourteen  days — but  not  longer  than  this. 

On  threads  of  various  sorts,  on  linen,  and  in  pieces  of  organs,  the 
bacilli  were  found  alive  after  thirty  days ; if  longer,  it  could  not  be 
determined,  because  the  work  was  interrupted.  In  the  longer  exposures 
the  threads  planted  in  bouillon  and  kept  undisturbed  showed  the  out- 
growth of  isolated  colonies  here  and  there,  indicating  that  many  of  the 
bacilli  had  lost  their  power  of  multiplication. 

He,  therefore,  concluded  that  forced  drying  at  a temperature  over 
30°  C.  or  by  substances  that  have  a high  affinity  for  water  such  as  con- 
centrated sulphuric  acid,  the  bacillus  pestis  dies  cpiickly.  Slower  dry- 
ing at  lower  temperature  is  less  harmful.  However,  even  at  room 
temperature  the  quicker  drying,  such  as  on  a cover  glass,  is  more  harm- 
ful to  the  bacillus  than  the  slower  drying  on  pieces  of  cloth  or  in  pieces 
of  tissue. 

“ The  fact  that  the  bacillus  remains  alive  longer  when  dried  at  16°  to 
20°  C.  than  was  at  flrst  announced,  teaches  that  in  our  climate  (Ham- 
burg) at  least,  we  can  not  expect  the  organism  to  quickly  disappear  in 
clothing,  etc.’’ 

On  fresh  shin  the  bacillus  was  found  alive  after  ten  days.  These  tests 
were  not  altogether  satisfactory  because  the  sterilizing  of  the  skin  before 
infecting  it  with  pest  was  not  successful  after  washing  and  eight  days’ 
immersion  in  ether  and  alcohol.  It  is  possible  that  the  bacilli  are  alive 
after  ten  days,  though  not  demonstrable  on  account  of  the  growth  of 
other  organisms. 

Further  tests,  are  being  made  with  cultures,  and  the  bacillus  in  blood 
and  organs  placed  on  various  objects,  and  kept  under  various  conditions, 
report  on  which  will  be  submitted  later. 

Martin  Ficker  (6)  tested  the  effect  of  drying  and  moisture  alter- 

a Zur  Kenntuis  des  Pestbacillus.  Centralblat  fiir  Bakteriologie  und  Parasitenkunde, 
etc.,  Bd.  XXI,  1897,  page  497. 

ftZeitscbrift  fur  Hygiene,  Bd.  XXXIX,  1898,  page  25. 
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nately  applied  on  the  viability  of  the  plague  bacillus  and  found  it  to  be 
more  harmful  than  simple  drying.  He  found  that  changing  the  condi- 
tions from  dryness  to  moisture  caused  the  death  of  the  organism  in 
twenty  to  twenty- eight  hours,  while  the  same  in  the  desiccator  lived 
eight  or  nine  days. 

He  used  twenty-four  hour  old  cultures  from  agar-agar  plates  and  made 
thin  spreads  on  cover  glasses  by  means  of  the  platinum  cese.  Moisture 
was  added  twice  daily.  The  cover  glass  was  planted  in  bouillon  and  in 
case  growth  aj^peared  this  was  plated  out  on  gelatin. 


Alternate 

moisture. 

Desiccator. 

t 

0 

-f 

0 

Culture  24  hours 

Do 

Culture  36  hours 

Hours. 

20 

24 

36 

Hours. 

28 

36 

48 

Days. 

8 

9 

11 

Days. 

9 

11 

12 

This  demonstrates  that  cultures  die  more  rapidly  in  drying  when 
moisture  and  dryness  are  alternated. 

Batzaroff  (a)  has  been  able  to  demonstrate  that  even  in  the  dry 
state  the  pest  organism  remains  living  and  virulent  a long  time.  The 
organs  of  an  animal  dead  of  pest,  as  well  as  cultures  mixed  with  infus- 
orial earth,  are  subjected  to  desiccation  in  vacuo  at  “ room  temperature.’^ 

From  time  to  time  a piece  of  the  dried  substance  is  tested  by  grinding 
in  a sterilized  mortar,  and  the  x>owder  thus  obtained  is  introduced 
in  small  amounts  into  the  nose  of  an  animal.  The  results  of  these 
experiments,  which  are  indicated  in  the  subjoined  table,  show  that  the 
virus  of  pest  supports  desiccation  for  a long  time  very  well  when  it  is 
in  an  albuminous  medium,  as  the  pulp  of  the  spleen  or  any  other  organ. 
Under  such  conditions  it  attenuates  very  slowly;  in  fact,  in  the  first 
two  or  three  weeks  scarcely  at  all.  On  the  other  hand,  if  it  is  not  i^ro- 
tected,  as  in  the  case  of  dried  cultures  in  infusorial  earth,  its  virulence 
diminishes  rapidly,  so  that  in  three  weeks,  inoculated  into  the  nose  of 
animals,  the  dried  cultures  produced  no  morbid  effect. 


Plague-jmeumonia  produced  by  nasal  inomlations  of  dried  virus. 


Splenic  pulp. 

Dried  cultures  in  infusorial  earth. 

Duration  of  desiccation. 

Duration 
of  sickness. 

Duration  of  desiccation. 

Duration 
of  sickness. 

Days. 

Days. 

5 davs 

^V2 

2 days 

8 davs 

4 

5 davs 

634 

12  davs 

7 days 

(6) 

14  davs 

5 

19  days 

12 

20  davs 

4H 

31  davs 

d>) 

26  davs 

30  davs 

i 6K 

33  days 

1 634 

38  days 

: 634 

i 

44  davs 

: (ft) 

a La  Pneumonie  pesteuse  experimentale.  Annales  de  I’lnstitut  Pasteur,  May,  1899,  page  392. 
6 Resisted. 
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Hankin  (a)  states  that  as  far  as  his  researches  go  they  tend  to  show 
that  the  bubonic  microbe,  whether  derived  from  cultures  or  the  organs 
of  deceased  animals,  and  whether  placed  in  cotton,  or  sheep’s  wool,  or 
gunny  cloth,  uniformly  die  out  in  six  days.  He  states,  however,  that 
owing  to  the  fact  that  epidemiological  evidence  tends  to  show  that 
clothing  may  in  rare  cases  convey  the  infection  he  is  unwilling  to  draw 
any  definite  conclusions  from  his  researches  at  present. 

The  German  Plague  Commission  (b)  (Gaffky,  Sticker,  Pfeiffer, 
Dieudonn4)  used  the  organism  from  agar-agar,  and  bouillon  cultures ; 
also  sputum  from  plague-pneumonia,  peritoneal  exudate  from  guinea 
pigs,  etc.  This  infectious  material  was  placed  on  various  objects,  as 
glass,  silk  threads,  filter  paper,  fabrics,  earth,  etc.,  and  permitted  to 
dry.  The  plague-infected  objects  were  placed  in  Petri  dishes  and  xiut 
in  a dark  corner  of  the  laboratory  to  dry  out.  As  a rule,  the  infected 
pieces  were  turned  over  from  time  to  time  to  hasten  the  drying. 

The  temperature  of  the  laboratory  during  these  experiments  was 
about  29°  to  31°  C.  The  objects  were  well  protected  from  the  light. 
Some  were  kept  in  an  imjiro vised  ice  box,  in  which  the  temperature  was 
about  22°  0.  and  the  air  saturated  with  moisture.  The  proof  that  the 
organism  was  still  alive  could,  unfortunately,  only  be  made  by  inocula- 
tion of  mice  and  not  by  means  of  cultures.  Small  pieces  of  the  infected 
objects  were  taken  from  time  to  time  and  placed  under  the  skin  of  a 
mouse.  The  following  are  the  results  : 


Infected  with  pure  culture. 


k 

Object. 

Temperature. 

Longest 
time  in 
days  the 
organism 
lived. 

30°  to  32°  C. 

3 

Glass  in  desiccator 

1 

Filter  paper....'. 

3 

Filter  paper  in  desiccator 

1 

Silk  thread 

5 

Silk  thread  in  desiccator 

do 

1 

Piece  of  silk 

6 

Piece  of  silk  in  desiccator 

do 

1 

Piece  of  wool 

6 

Piece  of  wool  in  desiccator 

2 

Large  piece  of  linen 

Infected  with  plague  organs. 


Glass 

Filter  paper 

Silk  thread 

Piece  of  wool 

Large  piece  of  gauze, 
Large  piece  of  linen. 


f 30°  to  32°  C. 
1 22°  to  24°  C. 
j 30°  to  32°  C. 
X 22°  to  24°  C. 
/ 30°  to  32°  C. 
I 22°  to  24°  C. 

!30°  t©  32°  C. 
22°  to  24°  C. 
30°  to  32°  C. 
22°  to  24°  C, 
30°  to  32°  C. 
22°  to  24°  C. 


2 

2 

2 

2 

2 

2 

6 

6 

6 

6 

6 

8 


a The  plague  iu  India,  1896,  1897,  Yol.  II,  appendices  I to  T,  page  10,  et  seq. 
h Deutsche  Pestkommissiou.  Kaiserliche  Gesundheitsamt,  Bd,  16.  Berlin,  1899, 
page  274,  et  seq. 
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sputum  from  plague-pneumonia. 


Object. 

Temperature. 

Longest 
time  in 
days  the 
organism 
lived. 

Glass 

30°  to  32°  C. 

1 

Silk  thread 

3 

Piece  of  wool 

do 

6 

Pus  from  bubo. 


Glass 

Silk  thread .... 
Piece  of  wool, 


30°  to  32°  C. 

..  ..do 

do 


6 

1 

1 


Peritoneal  exudate  from  plague-infected  guinea  pig. 


Silk  thread 

Filter  paper 

29^  to  31°  C. 
do 

Piece  of  silk 

do 

(a) 

Piece  of  wool 

do 

Glass  tube 

do 

(ft) 

a still  virulent  on  the  second  day.  6 Dead  on  the  seventh  day. 

The  loDgest  observation  made  by  the  commission  on  the  viability  of 
the  plague  bacillus  was  therefore  eight  days. 

It  made  no  difference  whether  cultures  one  to  two  days’  old,  or  eight- 
day-old  cultures  were  used,  as  far  as  the  resistance  to  drying  was 
concerned. 

Pieces  of  the  skin  of  mice  dead  of  plague  were  also  kept  and  it  was 
found  that  they  had  lost  their  infectiug  power  after  four  and  six  days. 
In  dry  organs  the  pest  bacillus  soon  died.  The  longest  time  observed 
was  in  pieces  of  liver  kept  in  sealed  glass  tubes.  Here  they  lived  seven 
days ; after  seven  days  no  result  was  obtained. 

Sterilized  feces  were  inoculated  with  a bouillon  culture  of  plague 
obtained  fresh  from  a corpse  and  then  saturated  with  silk  threads,  wool, 
and  silk  fabrics.  After  drying  they  were  wrapped  in  sterile  filter  paper 
and,  inclosed  in  cotton,  were  packed  in  a box  and  kept  in  the  laboratory 
at  about  29°  C.  After  four  days  the  pest  bacillus  was  alive  on  all  the 
test  objects  ; after  six  days  only  in  the  wool,  and  after  eight  days  dead 
in  all. 

The  energetic  drying  in  the  desiccator  over  sulphuric  acid  hastened 
the  death  of  the  organism. 

On  account  of  the  great  importance  of  this  question,  several  more 
tests  were  made,  at  lower  temperatures,  by  the  committee  after  its  return 
to  Germany.  It  was  there  possible,  on  account  of  the  more  favorable 
laboratory  conditions,  to  make  cultures  as  well  as  inoculations  into  mice 
in  order  to  establish  the  life  and  death  of  the  bacillus.  The  bacillus 
was  kept  alive  in  a room  at  15°  to  18°  0.  for  twenty- eight  days.  After 
thirty-three  days  no  more  grawth  was  obtained.  Even  after  twenty- 
four  days  the  growth  was  very  sparse.  The  pathogenicity  for  mice  died 
out  much  quicker  after  eighteen  days. 
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‘‘Apparently  then  the  bacillus  pestis  is  very  sensitive  to  rapid  and 
energetic  drying  as  occurs  by  higher  temperatures  and  in  the  desiccator. 

‘ ‘ Slower  drying  at  lower  temperatures  is  much  less  deadly.  In  the 
climate  of  Germany,  therefore,  a rapid  death  of  the  organism  in  fab- 
rics, etc.,  is  not  to  be  expected,  as  occurs  in  the  tropics.  In  the  hot 
countries  no  live  bacilli  were  found  in  the  dust.” 

Eduardo  Germano  {a)  made  many  observations  to  determine  this 
question.  He  worked  with  a culture  from  the  Breslauer  Hygienic 
Institute  obtained  through  Krai,  and  which  had  been  grown  through 
many  generations  in  vitro.  He  used  bouillon  suspensions  of  agar  cul- 
tures and  exposed  the  infected  objects  in  Petri  dishes  at  room  tempera- 
ture, 16°  to  i^0°  C. 


Boom  dust  mixed  loith  an  emidsion  of  plague  bacilli. 


Time. 

Moist. 

Dry. 

Dried 

over 

sulphuric 

acid. 

— 

— 

— 

Fine  sand  mixed  with  emulsion  of  plague  bacilli. 


Time. 

Moist. 

Dry. 

Dried 

over 

sulphuric 

acid. 

Time. 

Moist. 

Dry. 

Dried 

over 

sulphuric 

acid. 

1 day 

+ 

(«)+ 

20  days 

-f 

5 days 

-j- 



25  days., 

4- 





5 days 

+ 





30  days 

+ 





8 days .- 

-j- 





40  days 

4- 





12  days 

-j- 





50  days 





L 16  days 

4- 





60  days 





^ 

S ; a The  dust  is  not  yet  dry. 

h The  number  of  colonies  is  diminished  at  least  to  the  part  of  the  original. 


Loam  {Humus  boden)  mixed  with  emidsion  of  plague  bacillus. 


a Die  Uebertragung  von  Infectionskrankheiten  durch  die  Luft.  Dr.  Eduardo  Ger- 
mano. Zeitschrift  fur  Hygiene,  Vol.  XXVI,  1897  ; 281. 
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Tufa  {Tuffhoden)  rubbed  up  with  plague  bacillus. 


Marly  loam  {Loss)  rubbed  up  with  plague  bacillus. 


Time. 

Moist. 

Drv. 

Over 

H2SO4. 

Remarks. 

1 day 

_L 

+ 

_ 

3 davs 

4- 

— 

5 days 

+ 

8 days 

_L 

12  days 

+ 

16  days 

+ 

20  days 

4* 

25  days 

+ 

30  days 

+ 

40  days 

+ 

50  days 

_L 

60  days 

_1_ 

From  these  tables  it  follows  that  the  bacillus  of  plague  withstands 
drying  badly,  while  it  remains  alive  a long  time  in  moist  conditions. 
Only  in  room  dust  did  it  die  quickly  under  moist  conditions.  After 
two  months,  even  under  moist  conditions,  the  number  of  bacteria  was 
very  much  diminished.  In  addition  to  the  test  with  dust,  etc.,  a series 
was  made  with  fabrics. 

Square  pieces  of  linen,  wool,  silk  and  filter  paper  (1  cm.  square)  were 
sterilized  and  saturated  with  a bouillon  emulsion  of  culture.  - They 
were  placed  in  Petri  dishes  and  were  exposed  in  the  desiccator  and  in 
the  room.  Those  that  were  to  remain  moist  were  placed  in  test  tubes 
in  the  moist  chamber. 


The  results  were  as  follows  : 


Linen. 


■H 


Wool. 


V4  Time. 

Moist. 

Dry. 

Over 

H2SO4 

Time. 

Moist. 

Dry. 

Over 

H2SO4 

1 

-1- 

+ 

20  davs 

4. 

+ 

4- 

S H«vs 

2.5  days 

4- 

+ 

4 dftvs 

+ 

t 

30  days 

+ 

8 days 

+ 

« 

40  days 

+ 

12  days 

50  days 

16  days 

+ 

+ 

60  days 

Silk. 


Time. 

Moist. 

Dry. 

Over  1 
H2SO4  I 

Time. 

Moist. 

Dry. 

Over 

H2SO4 

1 day 

-f 

-f 

20  days 

3 days 

+ 

-1- 

25  days 

4 days 

; 

+ 

30  days 

8 days 

+ 

' 

40  days 

I 

12  days 



50  days 

. 

16  days. 

. + 

60  days 

It  is  seen,  therefore,  that  the  pest  bacillus  remains  on  fabrics  quite  a 
long  time.  In  this  respect  it  resembles  the  bacillus  typhosus. 

I He  draws  the  following  conclusions : The  pest  bacillus  has  little  resist- 
■ 'ance  against  drying.  It  can,  therefore,  not  easily  be  carried  in  the  dust 
or  air.  It  is,  therefore,  not  likely,  if  not  impossible,  that  the  disease  is 
spread  in  the  air.  However,  it  may  often  occur  that  infection  takes 
place  through  contact  because  the  organism  lives  when  not  wholly  dried. 
Therefore,  infected  clothing  may  be  very  dangerous. 
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Y.  DE  Giaxa  and  B.  Gosio  (a)  made  experiments  in  a small  chamber 
partially  ventilated  and  lighted,  having  a temperature  varjdng  from 
10°  to  18°  C. 

Strips  of  different  fabrics,  linen  or  v^ool,  were  infected  after  steam 
sterilization,  and  then  suspended  free  or  in  small  cabinets  protected 
from  the  atmospheric  dust.  Some  of  the  material  was  placed  on  large 
pieces  of  the  same  fabrics  arranged  so  as  to  simulate  a package. 

The  material  of  infection  was  deposited  on  the  cloth  either  by  rub- 
bing with  fresh  agar-agar  culture,  in  which  case  small  particles  of  agar  in 
addition  to  the  germs  adhere  to  the  texture,  or  by  the  direct  application 
of  pus  or  blood  from  plague-infected  animals. 

The  longest  period  of  observation  was  thirty  days ; at  the  end  of  that 
time  germs  of  plague  were  obtained  from  the  pieces  of  cloth.  In  the 
case  of  pieces  of  cloth  impregnated  with  pus  or  blood  the  observation 
was  for  twenty- nine  days.  On  these  the  germs  developed  either  in  the 
open  air  or  on  cloth  folded  and  inclosed  in  a box  to  simulate  clothing 
packed  in  a trunk. 

Pieces  of  linen  thread  were  steeped  in  infected  blood  ana  exposed  to 
desiccation  in  an  incubator  at  an  air  circulation  of  36°  to  39°  C. 

After  two,  four,  and  five  days  several  threads  were  placed  in  tubes  of 
broth.  Those  exposed  two  days  to  desiccation  developed  slowly.  Of 
those  desiccated  for  four  days,  only  1 in  3 remained  sterile ; all  those 
exposed  for  five  days  remained  sterile. 

Plague-iafected  blood  was  spread  on  a rabbit’s  skin  and  allowed  to 
dry  for  four  days.  After  fifteen  days’  exposure  to  a temperature  vary- 
ing from  12°  to  16°  C.  (diffused  light)  the  infected  surface  was  scraped 
and  the  scrapings  were  cultivated.  The  plague  bacillus  soon  developed. 

As  regards  pathogenic  action,  the  germ  exposed  to  desiccation  almost 
always  showed  a decided  slowness  in  killing  the  animal. 

EFFECT  OF  SUNLIGHT  ON  THE  PLAGUE  BACILLI. 

Albrecht  and  Bhon  (h)  exposed  peritoneal  exudate  in  a test  tube  (in 
August,  in  Vienna),  to  direct  sunlight  for  six  hours,  and  could  not  notice 
any  marked  difference  in  the  organism. 

Abel  (c)  found  that  plague  bacilli  on  cover  glasses  died  after  one  hour 
exposure  to  sunlight  at  30°  C.  (in  Hamburg).  Controls  kept  in  the 
dark  grew  after  six  hours.  Thicker  spreads  from  agar  cultures  with- 
stood sunning  at  30°  C.,  three  and  one-half  hours. 

Kitasato  (d)  found  that  the  bacillus  was  killed  at  Hongkong  in  three 
to  four  hours’  sunning.  He  used  pus  from  buboes. 


a Richerclie  sul  bacillo  della  peste  bubbonica,  etc.,  Annali  d’  igiene  sperimentale, 
1897,  No.  7,  page  261. 

h Die  Peste,  Muller  and  Pocb,  page  61,  Vienna,  1900. 

c Zur  Kenntnis  des  Pestbacillus.  Centralblatt  fur  Bakteriologie  und  Parasitenkunde, 
etc.,  Bd.  XXI,  1897. 

d Preliminary  notice  of  the  bacillus  of  bubonic  plague,  Hongkong,  1894,  July  7. 
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WiLM  (a)  found  them  destroyed  in  four  hours’  exposure  to  the  sun. 
The  German  Plague  Commission  ( b)  made  tests  in  Bombay  in  this 
manner:  The  various  objects  (glass,  silk  threads,  wool)  were  saturated 
with  a virulent  agar  culture  of  the  bacillus  pestis.  One-half  of  the 
objects  were  exposed  to  direct  sunlight.  The  other  half  were  laid  away 
^in  a dark  place  for  control. 

^ ^ In  very  thin  layers  on  glass  the  bacillus  was  killed  in  one  hour. 

] In  thicker  layers  on  glass  they  were  pathogenic  for  mice  after  three 
hours  but  not  after  four  hours. 

jk;.  In  silk  threads  they  were  killed  after  three  hours’  sunning. 

^ In  wool  they  were  virulent  for  mice  after  eight  hours. 

Other  tests  were  made  with  well  grown  agar  cultures  placed  in  the 
i; sunlight.  In  one  or  two  hours  in  the  sun  they  still  contained  active 
organisms.  After  a whole  day’s  sunning  they  were  dead.  The  cultures 
are  warmed  very  much  in  the  sun ; therefore,  other  tests  were  made  by 
placing  the  agar  tube  in  water  and  keeping  in  the  sun  one  and  one-half 
^liours.  At  the  end  of  the  test  the  temperature  of  the  water  was  39°  C. 

I The  bacillus  was  alive  and  virulent. 

j The  following  report  of  the  experiments  on  the  viability  of  the  plague 
^ bacillus  was  published  by  S.  L.  Eappoport,  (c)  St.  Petersburg.  The 
f material  used  was  allowed  to  soak  in  bouillon  cultures  of  bacillus  pestis 
in  a dark  closet  for  twenty-four  hours,  then  exposed  for  successive  days 
I to  all  the  sunlight  obtainable,  or  to  dry  heat. 
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Temperature  and  time  required  to  kill. 


Material.  , 

20  C. 
(68  F.) 

36  C. 
(96.  8 F.) 

60  C. 
(140  F.) 

80  C. 
(176  F.) 

Silt  t.lirf'fld 

Days. 
19  to  24 

Days. 

13 

Minutes, 

75 

Minutes. 

15 

15 



10  to  17 

5 

30 

paper 

10  to  24 

45 

15 

T.inen  thread 

9 to  13 

4 

30 

15 

15 

thrpftfl  

13  to  23 

5 

60 

VIABILITY  ON  VARIOUS  OBJECTS. 


( In  sputum  kept  fluid,  the  German  Plague  Commission(^?)  found  the 
; bacillus  of  pest  infectious  after  teii  days. 

Hankin  (c)  made  researches  on  various  articles  of  produce  to  deter- 
I mine  their  susceptibility  to  endanger  or  support  the  bubonic  microbe, 
j He  shows  that  the  various  descriptions  of  flours  and  grain  usually 
I stored  in  Bombay  contain  no  trace  of  the  bubonic  microbe  and  also 
I demonstrates  that  grain  purposely  infected  does  not  permit  of  the  exist- 

I ' ence  of  the  microbe  for  more  than  about  four  days. 

‘ — 

' a Uber  die  Pestepidemic  in  Hongkong  ini  Jahre  1896.  HvgienLsche  Kundsclian,  1897, 
« Bd.  VII. 

I b Loc.  cit. , page  277. 

: c Quoted  by  Walter  Wyman,  Surgeon-General  IMariue-Hospital  Service,  in  “The 

I j Bubonic  Plague,’’  Treasury  Department  Document  No.  2165. 

(Z  Kaiserliche  Gesundheitsamte,  Bd.  16,  Berlin,  1899. 

e The  Plague  in  India,  1896,  1897,  Vol.  II,  Appendices  I-IV,  page  10  eZ  seq. 

lil 
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Hankin  worked  with  linseed,  yellow  rape  seed,  brown  rape  seed,  til- 
seed  or  ginjelly  seed,  ground  nuts,  castor  seeds,  poppy  seeds,  wheat 
(new  hard  red),  wheat  (another  light  variety),  flour. 

In  order  to  test  whether  the  microbe  was  still  present  in  a living  con- 
dition in  a specimen  of  previously  infected  grain  his  method  consisted 
of  making  an  extract  of  this  grain  and  injecting  it  into  a mouse. 

He  used  agar  cultures  making  bouillon  suspensions.  About  a kilo- 
gram of  grain  to  be  tested  was  placed  in  a sterile  stoppered  foot  glass. 
One  c.  c.  of  the  bouillon  emulsion  of  the  microbe  was  then  poured  into 
the  foot  glass,  care  being  taken  that  it  should  fall  into  the  center  of  the 
grain.  The  stopper  was  replaced  and  the  foot  glass  was  immediately 
violently  shaken  for  about  one  quarter  of  an  hour. 

Extracts  made  from  the  grain  in  this  manner  were  inoculated  into 
mice  with  the  following  results  : 


Extract  of  the  fol- 
lowing injected 
into  mice. 

At  once  after 
infecting  the 
grain. 

Two  days  after 
infecting  the 
grain. 

Four  days 
after  infecting 
the  grain. 

Eleven  days 
after  infecting 
the  grain. 

Linseed 

Yellow  rape  seed 

Brown  rape  seed 

Tilsppfl 

Died  within 
24  hours. 
Died  within 
72  hours. 
Died  within 
48  hours. 
Died  within 
24  hours. 
do 

Died  after  7 
days. 

Died  after  24 
hours. 

Died  after  4 
days. 

Survived 

Died  after  15 
days. 

Survived 

do 

Survived 

do 

Died  after  24 
hours. 

Died  after  7 
days. 

Died  after  24 
hours. 

do  

rj-rminH  niits 

Died  after  11 
days. 

Died  after  48 
hours. 

Survived 

do 

Pnppy  sppd  

do 

do 

Wheat  (new  hard 
red). 

Wheat  (another 
kind). 

Plniir 

Died  within 
48  hours. 
Survived 

do 

do 

do 

do 

Died  within 
48  hours. 

Died  after  48 
hours. 

Thirteen  days 
after  infecting 
the  grain. 


Survived. 

Died  after  24 
hours. 
Survived. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Hankin  concludes  from  these  experiments  that  the  bubonic  microbe 
derived  from  pure  cultures  perishes  within  thirteen  days  after  being 
added  to  the  above-mentioned  specimens  of  grain  and  seeds. 

Further  experiments  were  made  with  grain  and  seeds  by  mixing  the 
spleen  of  a rat  and  the  liver,  spleen,  and  oedema  from  a mouse,  both 
animals  having  died  after  plague  infection,  instead  of  cultures  of  the 
organism.  The  organs  were  powdered  up  in  a mortar  with  powdered 
glass  and  mixed  with  bouillon  and  added  to  the  grain  and  seed.  The 
further  proceedings  were  as  above. 

The  result  of  this  showed  that  grain  infected  with  the  organs  of 
animals  dead  of  the  plague  lost  its  infectious  power  completely  within 
six  days. 

Another  set  of  experiments  was  then  conducted  by  infecting  the  grain 
with  sputum  from  a case  of  pneumonic  plague.  Sputum  was  taken,  in 
which  the  organism  was  demonstrated  to  exist  in  large  numbers  in  very 
virulent  condition. 

These  also  showed  the  plague  infection  to  die  out  from  all  the  variety 
of  seed  and  grain  tested  within  six  days. 
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Abel  (a)  found  living  bacilli  of  plague  in  water  after  twenty  days. 
He  added  an  oese  to  50  c.  c.  of  sterile  distilled  and  tap  water. 

The  German  Plague  Commission  (b)  found  that  the  organism  was 
no  longer  virulent  after  five  days  in  tap  and  ten  days  in  distilled  water. 

Yokote  (c)  worked  on  the  problem  of  how  long  the  plague  bacillus 
can  remain  alive  in  the  dead  body.  He  used  mice  for  his  experiments 
because  they  are  very  susceptible.  The  mice  were  inoculated  and  the 
presence  of  the  bacilli  demonstrated  in  the  heart’s  blood  of  the  dead 
animals,  which  were  then  placed  in  a wooden  casket.  Each  casket  was 
covered  with  a lid  and  then  buried  in  a metal  box  filled  with  garden 
earth.  From  time  to  time  water  was  poured  on  the  earth  so  that  it 
always  had  a certain  moisture.  The  temperature  of  the  room  was  taken 
daily.  After  a certain  time  the  bodies  were  disinterred,  the  amount  of 
moisture  present  in  the  earth  surrounding  the  casket  determined  quan- 
titatively, also  examined  bacteriologically  and  by  animal  experiments 
for  pest  bacilli.  Mice  were  used  for  this  purpose,  and  glycerin  agar 
for  culture  medium. 

^ On  disinterring  the  body  the  amount  of  decomposition  was  noted,  and 
by  means  of  cover-glass  prepartions  he  determined  the  characters  and 
numbers  of  micro-organisms  present  in  the  various  organs.  Plate  cul- 
tures were  made  from  the  internal  organs,  on  agar-agar,  and  some  of  the 
heart’s  blood,  liver,  or  in  case  of  advanced  decomposition,  some  of  the 
remains  were  inoculated  into  mice  subcutaneously. 

I As  a result  of  these  experiments,  he  concludes  that  the  pest  bacillus 
loses  its  life  and  its  power  of  infection  in  a relatively  short  time.  It 
remains  alive,  at  most,  twenty  to  thirty  days.  This  depends  on  the 
temperature.  The  higher  the  temperature,  the  stronger  the  decomposi- 
tion, the  shorter  the  life  of  the  bacillus.  In  summer  many  saprophytes 
grow  in  the  body  and  cause  products  which  kill  the  pest  bacillus.  In 
cold  winter  this  growth  of  saprophytes  is  less,  and  the  pest  bacillus 
could  therefore  live  and  maintain  its  virulence  a longer  time. 

He  states  that  his  experiments  are  not  sufficient  to  determine  posi- 
tively the  length  of  time  the  pest  bacillus  may  live  in  a buried  body, 
but  he  gives  it  as  his  belief  that  the  organism  can  not  live  longer  in  the 
cadaver  than  spore-bearing  organisms  because  it  does  not  have  spores. 
It  is  also  of  interest  to  notice  that  the  pest  bacillus  did  not  escape  from 
the  wooden  casket  into  the  surrounding  earth.  It  seems,  therefore, 
that  there  is  no  danger  in  the  burial  of  pest  cadavers  of  infecting  the 
I surrounding  earth  as  long  as  the  coffin  is  tight. 

a Loc  cit.  ' h Loc  cit. 

c Uber  die  Lebensdauer  der  Pestbacillen  in  der  beerdigten  Tierleiche.  Dr.  Z. 
Yokote.  Centralblatt  fur  Bakteriologie  und  Parasitenkunde,  etc.,  Vol.  XXIII,  1898, 
No.  24,  page  1030. 
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THE  LENGTH  OF  TIME  THE  PEST  BACILLUS  WITHSTANDS  DRYING. 


Author. 


Kitasato, 
Wilm 

Abel 


Ficker 

BatzarotF. 

Hankin 

German  Plague  Commis- 
sion. 


Germano, 


Giaxa  and  Gosio, 


Rosenau, 


Conditions. 


Resisted. 


Killed. 


Dried  on  cover  glass  slips  at  28°  to  30°  C.. 

Dried  on  glass  slips  at  29°  to  31°  C 

Dried  in  vacuo 

Dried  on  various  objects  at  35°  C 

Dried  on  various  objects  in  vacuo  over 
H2SO4  at  20°  C. 

Dried  on  cover  slips  from  pus  and 
culture  at  16°  to  20°  C. 

Dried  on  threads,  in  linen,  in  tissue  at 


1 to  36  hours.... 
43^  days 


14  days 
30  days 


4 days. 

After  43^  days. 
3 hours. 

2 to  4 days. 

3 to  4 days. 

After  14  days. 


16°  to  20°  C. 


Dried  on  piece  of  fresh  skin,  16°  to  20° C 

Dried  on  cover  glasses  in  desiccator 

Dried  and  moistened  alternately..... 

Dried  splenic  pulp,  “ room  tempera- 
ture.” 

Dried  cultures  mixed  with  infusorial 
earth. 

Dried  on  sheep’s  wool,  and  gunny 
cloth  and  cotton. 

Dried  on  glass,  filter  paper,  silk  threads, 
pieces  of  silk  and  wool  and  linen,  at 
30°  to  32°  C.  exposed  both  in  room 
and  in  desiccator. 

Dried  on  the  same  objects  at  30°  and 
32°  C.,  and  22°  to  24°  C , infected  with 
bacillus  from  plague  organs. 

Dried  and  kept  at  15°  to  18°  C 

In  moist  and  dry  room  dust,  16°  to 


10  days 

8 to  11  days 

20  to  36  hours.. 
28  days 

19  days 


7 days. 


8 days. 


28  days. 


20°  C. 

Dried  in  fine  sand  and  brick  dust,  16° 
to  20°  C. 

Dried  in  loam,  tufa,  and  marl 

In  moist  sand,  loam,  tufa,  marl,  and 
brick  dust  at  16°  to  20°  C. 

On  moist  linen,  wool,  silk,  and  filter 
paper  at  16°  to  20°  C. 

Dried  on  linen,  16°  to  20°  C 

Dried  on  wool,  16°  to  20°  C 

Dried  on  silk,  16°  to  20°  C 

Dried  on  filter  paper 

Dried  on  linen  and  wool;  agar  cul- 
tures, pus  and  blood  used.  10°  to 
13°  C. 


1 day. 


60  days. 

60  days. 

1 day 

30  days. 
4 days... 
4 days. 
30  days.. 


9 to  12  days. 
28  to  48  hours 
44  days. 

31  days. 

6 days. 


33  days, 
1 day. 

5 days. 

1 day. 

4 days. 
8 days. 


Dried  on  linen  thread,  36°  to  39°  C 

Rabbit  skin  infected  with  plague-in- 
fected blood,  12°  to  16°  C. 

Dried  on  little  balls  of  gelatin-albu- 
men, 20°  to  23°  C. 

Dried  on  little  balls  of  gelatin-albu- 
men, 17°  to  19°  C. 

Dried  on  crash,  17°  to  19°  C.  and  20  to 
23°  C. 


4 days.., 
15  days. 

75  days. 

75  days. 

48  days. 


5 days. 


Dried  on  crash,  20°  to  27°  C 

Dried  on  paper,  20°  to  27°  C 

Dried  on  pine  wood,  20°  to  27°  C, 
Dried  on  pine  wood,  17°  to  19°  C, 
Dried  on  pine  wood,  20°  to  23°  C, 


13  days, 
8 days.., 
4 days.. 
8 days.. 
11  days 


15  days. 
11  days. 
8 days. 
11  days. 
13  days. 
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EFFECT  OF  SUXLIGHT  OX  PLAGUE  BACILLI. 


r 


Author. 


Condition. 


Killed. 


With- 
stood. . 


Hours. 


Abel 

Kitasato 

Wilm I 

Albrecht  and  Bhon ; 

German  Pest  Commission.. 


Rappoport. 


In  Hamburg,  30  C.,  thin  spreads  on  cover  glasses 

Thicker  spreads 

In  Hongkong.  Pus  from  buboes 


Vienna  in  August,  peritoneal  exudate, 

In  Bombay,  thin  layers  on  glass 

thicker  layers  on  glass 

silK  threads 

in  wool 

agar  lest  tube  culture 

In  St.  Petersburg,  silk  threads,  20  C 

note  paper,  20  C 

filter  paper,  20  C 

linen  thread,  20  C 

woolen  thread,  20  C. 


1 hour. 


3 to  4 hours 

4 hours 


1 hour . 
4 hours 
3 hours 


All  day 
24  days 
17  days . 
24  days 
13  days 
23  days , 


6 
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» ' VIABILITY  OF  THE  OEGAXISM  IX  VARIOUS  MEDIA. 


' -r  Author. 

Condition. 

Alive. 

Dead. 

German  Plague  Commission.. 

In  sputum,  30°  to  32°  C 

In  pieces  of  liver  kept  in  sealed  tube 

Days. 

6 to  10 
7 

Days. 

(a) 

In  sterilized  feces  in  thread,  fabrics,  and  paper, 

4 

8 

Hankin 

29°  C. 

On  aeed.s,  grairis,  and  flour.s i 

13 

Abel 

In  water,  distilled  and  tap 

20 

German  Plague  Commission.. 

1 n tap  water 

5 

In  distilled  water 

10 

Yokoto 

In  cadavers  of  mice,  buried 

20  to  30 

lO  (X 
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This  work  was  undertaken  on  account  of  the  rather  widespread  use  of 
formalin  for  the  disinfection  of  baggage  by  sprinkling  it  on  clothing  in 
trunks,  or  by  pouring  it  on  absorbent  material  in  the  corners  of  a trunk. 
From  what  follows,  it  will  be  seen  that  the  method  is  not  a good  one. 

Formaldehyd  possesses  an  antiseptic  power  much  stronger  than  any 
of  the  organic  nontoxic  substances.  It  has,  however,  distinct  limita- 
tions, which  must  be  understood  in  order  to  properly  apply  it  to  practi- 
cal disinfection.  It  is  the  object  of  this  work  to  point  out  one  of  these 
limitations. 

Formaldehyd  (formic  aldehyd)  is  a complex  and  unstable  substance. 
It  exists  as  a gas,  in  solution,  and  as  a solid.  In  solution  it  is  a power- 
ful disinfectant.  The  gas  formaldehyd  is  a valuable  disinfectant,  but  is 
so  unstable  and  so  difficult  to  obtain  in  its  gaseous  state  that  its  use  in 
unskilled  hands  maj^  prove  unsatisfactory. 

Formaldehyd  exists  in  at  least  three  well -recognized  isomeric  states : 

1.  Formaldehyd  (formic  aldehyd)  is  a gas  at  ordinary  temperatures, 
colorless,  and  possessing  slight  odor,  but  having  an  extremely  irrita- 
ting effect  upon  the  mucous  membrane  of  the  nose  and  conjunctiva.  At 
a temperature  of  about  — 20°  C.  the  gas  polymerizes  into  paraformal- 
dehyd,  known  commercially  as  paraform. 

2.  Paraform  is  a white  substance,  unctions  to  the  touch,  soluble  in 
both  water  and  alcohol.  It  consists  chemically  of  two  molecules  of 
formaldehyd.  It  is  this  substance  which  is  supposed  to  compose  the 
commercial  solutions  of  formaldehyd,  known  as  formalin,  formol,  etc. 

3.  Trioxymethylen  is  formed  by  the  union  of  three  molecules  of 
formaldehyd.  It  is  a white  powder  giving  off  a strong  odor  of  the  gas. 
It  is  but  slightly  soluble  in  alcohol  and  water. 

To  sum  up,  formaldehyd  exists  in  three  states : 


CH,0. 


Formaldehyd 

gas. 


CH2O 

1 

CH2O. 


Paraformaldehyd 

paraform. 


CH2O 

I 

CH2O 

1 

cpr.,0. 


Trioxymethylen. 

It  must  be  plain  to  all  who  have  worked  with  the  substance  known  in 
commerce  as  formalin,  formol,  etc.,  that  it  can  not  be  a 40  jier  cent 
solution  of  the  gas  formaldehyd  in  water,  as  claimed.  It  more  likely 
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consists  of  a solution  of  the  isomeric  forms  of  formaldehyd,  especially 
paraformaldehyd. 

Formalin  solutions  are  unstable.  In  cold  weather  they  are  apt  to  ■ 
precipitate  a white  substance,  usually  trioxymethylen.  Heating  and 
evaporating  them  has  a tendency  to  change  the  formaldehyd  to  paraform. 

These  facts  are  stated  to  emphasize  the  importance  of  not  considering 
commercial  ‘Hormalin*’  as  a simple  solution  of  a gas  in  water.  This 
has  no  bearing  in  using  formalin  as  a liquid  disinfectant  in  the  same 
way  that  we  would  use  solutions  of  bichloride  of  mercury  or  carbolic 
acid,  but  it  has  a very  distinct  and  important  bearing  in  gaseous  disin- 
fection with  formaldehyd. 

It  is  not  the  scope  of  the  present  article  to  dwell  upon  the  best  way 
to  obtain  the  gas  formaldehyd  from  its  solution.  The  present  work 
points  out  the  difficulty  of  obtaining  the  gas  without  special  apparatus 
from  its  solution  in  a closed  container. 

The  power  of  formaldehyd.  gas  as  a disinfectant  depends  on  the 
chemical  change  which  takes  place  between  the  gas  and  the  albuminous 
matter  of  the  germ.  To  be  effective,  therefore,  the  gas  must  not  only 
be  brought  in  direct  contact  with  the  germ,  but  in  sufficient  amount 
and  for  a sufficient  length  of  time.  In  this  respect  it  does  not  differ 
from  bichloride  of  mercury  and  other  chemical  disinfectants.  This 
point  is  especially  mentioned  here  on  account  of  the  difficulty  of  obtain 
ing  formaldehyd  gas  in  its  free  state,  and  the  uncertainty  as  to  the 
amount  of  gas  evolved  from  its  solution,  important  factors  which  must 
be  taken  into  account  in  practical  disinfection. 

Formaldehyd  forms  a chemical  compound  with  albuminous  matter 
from  which  it  is  impossible  to  again  separate  it.  It  renders  gelatin 
insoluble  when  added  in  small  amounts.  Egg  albumen,  to  which 
formalin  has  been  added,  can  not  be  coagulated  by  heat.  This  prop- 
erty of  ‘ffixing^’  organic  matter  makes  it  valuable  as  a re-agent,  in 
microscopy  and  explains  some  of  its  limitations  as  a disinfectant. 

Jtlethods. 

Young  bouillon  cultures  of  typhoid  and  diphtheria,  one  to  two  days 
old,  and  older  cultures  of  authrax,  containing  spores,  were  used  to 
impregnate  slips  of  paper. 

TThite  filter  paper  is  cut  into  slips  about  1 inch  long,  by  one- fourth  of 
an  inch  wide  and  sterilized  by  dry  heat.  These  are  convenient  to  drop 
into  test  tubes.  The  slips  are  impregnated  with  the  bouillon  cultures 
and  exposed  between  the  blankets  and  sheets  in  the  boxes. 

Freshly  prepared,  moist  slips  were  used  throughout  this  work, 
because  moist  cultures  are  more  readily  killed  by  formaldehyd  than 
dry  ones,  and  it  was  designed  throughout  to  make  the  conditions  favor- 
able for  the  disinfecting  action^  of  the  gas  to  act. 

The  blankets  and  sheets  used  in  these  experiments  are  folded  to  fit 
the  boxes  and  then  sterilized  with  steam.  The  slips  of  paper  contain- 
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iiig  the  organisms  are  placed  between  the  fold  of  the  sterile  blankets  or 
j sheets.  The  rule  was  to  allow  the  blankets  and  sheets  to  dry.  Some- 
times they  were  used  while  still  moist,  but  when  this  latter  was  done  it 
is  always  specifically  noted. 

Three  methods  were  adopted  in  placing  the  formalin  in  the  boxes : 1, 
sprinkling  ; 2,  pouring ; 3,  soaking  on  absorbent  cotton. 

Particular  pains  were  taken  in  sprinkling  because  it  was  found  that 
the  result  depends  upon  the  technique  of  sprinkling. 

The  formalin  was  sprinkled  from  a pipette,  drawn  out  so  as  to  deliver 
a small  drop.  The  solution  was  dropped  from  the  pipette  upon  the 
blankets  or  sheets,  as  the  case  may  be,  spread  out  on  the  bottom  of  the 
box.  The  drops  were  evenly  distributed  over  the  surface  and  sufficiently 
far  apart  so  as  not  to  run  together.  It  makes  considerable  difference  in 
the  results  whether  the  formalin  is  poured  on  one  place  or  carefully 
sprinkled  in  the  manner  indicated. 

The  time  of  exposure  varied  from  twenty -four  hours  to  five  days,  and 
is  stated  for  each  test.  The  boxes  were  ordinary  pine  packing  cases, 
made  reasonably  gas  tight  by  the  use  of  impervious  paper  and  varnish. 
They  closely  imitated  the  conditions  presented  by  a trunk.  In  all  other 
respects  the  experiments  were  made  to  imitate  as  closely  as  possible 
s the  conditions  found  in  packing  the  average  trunk. 

I'  / After  charging  the  boxes  the  covers  were  nailed  down  and  left  at  the 
. room  temperature,  which  in  this  laboratory  is  about  18°  to  25°  C.  When 
the  time  of  exposure  has  expired  the  boxes  are  opened  and  the  slips  of 
paper  are  inoculated  into  bouillon  without  delay.  The  large  size  test 
tubes,  two-thirds  full  of  bouillon,  were  used  in  order  to  dilute  the  trace 
of  formaldehyd  which  sometimes  remains.  The  method  of  neutralizing 
the  slips  of  paper  after  exposure  to  formaldehyd  with  ammonia  before 
inoculating  them  into  bouillon  was  not  used  in  all  cases,  especially  in 
the  earlier  parts  of  the  work.  From  and  including  test  No.  39  all  the 
slips  were  neutralized  as  follows : 

After  the  exj^osure  the  slips  are  held  fifteen  to  thirty  seconds  in  a beaker 
containing  ammonia  and  then  planted  in  bouillon.  It  is  well  to  wash  out 
the  formamide  formed  by  the  combination  of  the  formaldehyd  and 
ammonia  with  a little  distilled  and  sterile  water,  but  that  this  is  not 
necessary  is  shown  in  the  following  test : 

Slips  of  filter  paper  impregnated  with  bouillon  cultures  of  typhoid, 
anthrax,  and  diphtheria,  prepared  as  described  above,  were  placed  in  a 
petri  dish  and  exposed  to  formaldehyd  for  ten  minutes  by  placing  a 
little  pledget  of  cotton  containing  a few  drops  of  formalin  in  the  same 
dish.  Some  of  the  slips  were  then  inoculated  into  bouillon  with  the 
, following  result : 

T3q)hoid  (3  slips),  no  growth. 

Anthrax  (3  slips),  all  grew. 

Diphtheria  (3  slips),  no  growth. 
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The  others  were  exposed  to  ammonia  before  inoculation  into  bouillon, 
with  the  following  result : 

Typhoid  (3  slips),  all  grew. 

Anthrax  (3  slips),  all  grew. 

Diphtheria  (3  slips),  all  grew. 

It  will  therefore  be  seen  that  the  formaldehyd  inhibited  but  did  not 
kill  the  typhoid  and  diphtheria,  for  no  visible  growth  was  obtained 
from  the  slips  planted  directly  from  their  formaldehyd  exposures  into 
bouillon,  whereas,  those  first  treated  with  ammonia  showed  a good 
growth. 

It  is  therefore  reasonable  to  suppose  that  in  some  instances  through- 
out this  work  the  same  phenomenon  resulted,  especially  in  the  tests  in 
which  the  trace  of  formaldehyd  was  not  neutralized  with  ammonia. 
This  possible  error,  however,  does  not  effect  the  conclusions  diawn 
from  the  work,  because  the  results  obtained  show  that  formalin  when 
used  in  a closed  container  has  feeble  powers  of  penetration  and  can  not 
be  recommended  as  a safe  and  effective  disinfectant. 

If  some  of  the  cultures  exposed  were  inhibited  and  not  killed  this 
conclusion  would  be  still  more  positive. 

The  bouillon  tubes  inoculated  with  the  slips  of  paper  are  incubated 
at  37°  0.  In  case  a growth  does  not  appear,  they  are  kept  at  least  ten 
days,  frequently  two  or  three  weeks,  before  discarding. 

In  many  instances  the  growth  was  found  to  be  retarded.  Xo  visible 
growth  before  five  to  seven  days. 

In  case  the  tubes  showed  positively  the  growth  was  always  tested  for 
purity.  In  few  instances  contamination  crept  in^  usually  a mold  from 
the  air  or  a rod  resembling  subtillis. 

Control  slips  were  always  kept  under  equal  conditions  for  twenty-four 
hours  and  inoculated  as  above  to  verify  every  test. 

ViaMlity  of  cultures. 

The  cultures  used  in  these  observations  were  anthrax,  diphtheria,  and 
typhoid.  When  exj)osed  in  bouillon  cultures  to  heat  they  gave  the 
following  results  : 

Typhoid — 

Five  minutes  at  65°  0.,  growth. 

Ten  minutes  at  65°  C.,  growth. 

' Fifteen  minutes  at  65°  C.,  slight  growth. 

Twenty  minutes  at  65°  0,,  no  growth. 

Diphtheria — 

Five  minutes  at  65°  C.,  growth. 

Ten  minutes  at  65°  C.,  growth. 

Fifteen  minutes  at  65°  C.,  no  growth. 

Twenty  minutes  at  65°  C.,  no  growth. 


Anthrax  spores — 

Two  minutes  in  steam,  growth.  ^ 

Three  minutes  in  steam,  growth. 

Five  minutes  in  steam,  no  growth. 

Eight  minutes  in  steam,  no  growth. 

Strength  of  formaldehyd  used. 

I 

I ' The  same  formalin  was  used  in  all  these  experiments.  Its  strength 
was  estimated  by  the  cxuantitative  method  given  by  Trillat  in  La  For- 
1!  maldehyde  et  ses  Applications,  1896,  and  Ernst  J.  Lederle,  Ph.  D.,  in 
y the  liJ'ew  York  Medical  Journal  for  October  16,  1897,  and  is  briefly  as 
follows : 

I The  principle  on  which  the  method  is  based  is  that  ammonia  and  for- 
J maldehyd  combine  quite  readily  to  form  the  compound  hexamethylen- 
I tetramin,  according  to  the  following  reaction : 

I 6 CH,0  + 4 YH3  =:  + 6 H,0. 

;i  . Formaldehyd.  Ammonia.  Hexamethylen-  Water. 

tetramin. 


From  the  amount  of  ammonia  required  to  form  this  compound  the 
formaldehyd  is  calculated.  The  best  results  are  obtained  when  an 
excess  of  ammonia  is  used,  the  mixture  allowed  to  stand  for  at  least 
twelve  houi^s,  with  occasional  shaking,  and  the  excess  of  ammonia 
present  determined  by  means  of  sulphuric  acid,  using  coralline  (rosalic 
acid)  as  an  indicator. 

Method  of  analysis. — Take  the  speciflc  gravity  of  the  solution  at  the 
room  temperature. 

Place  2 or  3 cubic  centimeters,  carefully  measured,  into  a bottle  with 
a glass  stopper ; add  50  to  60  cubic  centimeters  Y/2  ammonia  solution ; 
shake  well  and  let  stand  twelve  hours,  shaking  occasionally.  Then 
titrate  with  N/4  sulphuric  acid,  using  coralline  (rosalic  acid)  as  an 
indicator. 

Calculation. — The  cubic  centimeters  of  ammonia  neutralized  by  formal- 
dehyd = cubic  centimeters  of  ammonia  used,  minus  cubic  centimeters 
of  sulphuric  acid. 

The  per  cent  strength  of  the  solution  = 

2.25  X c.  c.  ammonia  neutralized  by  formaldehyd. 

Grammes  of  solution  taken. 


In  case  the  solution  under  examination  is  acid,  the  amount  is  first  to 
[ be  determined  by  a fixed  alkali  and  a corresponding  correction  made  in 
the  above  calculation. 
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In  accordance  Tvith  this  method  six  estimations  were  made  of  the 
formalin  solution  used  in  these  experiments,  with  the  following  results : 

Per  cent. 


Test  Xo.  1 40.  90 

Test  Xo.  2 40.  02 

Test  Xo.  3 40.  20 

Test  Xo.  4 40.  50 

Test  Xo.  5 40.  27 

Test  Xo.  6 39.  60 


Average 40.  25 


XoTE. — I desire  to  acknowledge  tke  assistance  in  the  latter  part  of  tMs  work  ren- 
dered by  Asst.  Surg.  L.  D.  Fricks,  United  States  Marine-Hospital  Service. 

POUEIXG  THE  FORMALIX  OX  ABSOEBEXT  COTTOX. — TI5IE  OF  EXPOS- 
URE, TWEXTY-FOUE  HOURS. 

Ko.  1. 

Four  cubic  centimeters  formalin  on  cotton  in  corners  of  box,  cul- 
tures between  blankets,  twenty-four  hours. 

One  cubic  centimeter  formalin  poured  on  pledgets  of  absorbent  cot-  * 
ton  j)laced  in  each  corner  of  a box  15  by  15  by  15  inches.  Four  cubic 
centimeters  in  all.  Moist  freshly  prepared  cultures  on  slips  of  filter 
X>aper  placed  between  blankets  near  the  center  of  the  box.  Box  opened 
after  twenty-four  hours. 


Layers  of  blankets . 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

1 



_L 

o 

— 

— 

-r 

3 

— 

— 

— 

5 

— 

-r 

— 



Controls 

— 

— 

— 

Xo.  2. 

One  hundred  cubic  centimeters  formalin  on  cotton  in  corners  of  box, 
cultures  between  blankets,  twenty-four  hours. 

Twenty-five  cubic  centimeters  of  formalin  iDoured  on  pledgets  of  absorb- 
ent cotton  in  each  corner  of  a box.  One  hundred  cubic  centimeters  in 
all.  Size  of  box  2 by  2 by  2 feet.  Fresh  moist  cultures  on  slips  of  filter 
paper  placed  between  layers  of  a blanket  at  various  distances  from  the 
corners.  The  blanket  was  laid  at  the  bottom  of  the  box,  smoothed  out 
but  not  pressed  down  and  no  weight  above  it.  Exposure,  twenty-four 
houi’s. 


Layers  of  blankets. 

Anthsax 

spores. 

Diph- 

theria. 

1 

4 

6 

— 

I 

Controls 

- 

- 

No.  3. 


ip^One  hundred  cubic  centimeters  formalin  on  cotton  in  corners,  cul- 
' tures  between  layers  of  sheets,  twenty-four  hours. 

' Twenty-five  cubic  centimeters  formalin  poured  on  absorbent  cotton 
tucked  into  each  corner  of  a box  2 by  2 by  2 feet.  One  hundred  cubic 
i centimeters  in  all. 

j ; The  freshly  prepared,  moist  slips  of  filter  paper,  impregnated  with 

j'!  bouillon  cultures  placed  between  layers  of  sheets.  Box  opened  after 
j_.  twenty -four  hours.  ‘ 

iii 


Layers  of  sheets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

9 

4- 

+ 

+ ! 

8 

16 

(c)- 

(c)- 

+ 1 

-h  1 

24 

Controls 

+ 

-r 

-f 

c Contaminated. 


No.  4. 

Twenty -five  cubic  centimeters  formalin  saturated  on  cotton  and  sus- 
pended in  box.  Cultures  between  layers  of  sheets.  Twenty-four  hours. 
Twenty-five  cubic  centimeters  formalin  poured  on  a pledget  of 
I absorbent  cotton,  suspended  in  a box,  15  by  15  by  15  inches. 

Fresh  moist  cultures  on  slips  of  filter  paper  placed  between  layers  of 
|sheets,  laid  without  pressure  at  bottom  of  box.  Twenty-four  hours’ 
exposure. 


Layers  of  sheets. 

Typhoid. 

Anthi-ax 

spores. 

Diph- 

theria. 

9 

10  



17 

-f- 

41 

4- 

-f 

57  

4- 

-L 

73 

— 

-f-  ' 

-f 

89 

— 

-+- 

-f 

Controls 

-4- 

-f- 

-f 

From  the  foregoing  four  experiments  (Nos.  1,  2,  3,  and  4)  it  is  plain 
that  even  large  quantities  of  formalin  do  not,  in  twenty-four  liours,  give 
off  sufficient  formaldehyd  to  penetrate  between  the  layers  of  blankets  or 
sheets  when  poured  on  absorbent  material  in  the  corners  of,  or  suspended 
in  a box.  The  pledgets  of  absorbent  cotton  are  still  moist  after  twenty- 
four  hours’  exposure  and  the  formaldehyd  gas  has  not  been  liberated  from 
its  solution  in  sufficient  quantity  to  be  effective  between  the  layers  of 
a blanket  loosely  laid  on  the  bottom  of  the  box.  Slightly  better  effect 
is  found  with  sheets. 

The  method  is,  therefore,  not  applicable  for  disinfection,  with  twenty- 
four  hours’  exposure. 
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POURING  THE  FORMALIN  ON  ONE  SPOT — TIME  OF  EXPOSURE,  TWENTY- 

FOUR  HOURS. 

The  following  five  observations,  Nos.  5,  6,  7,  8,  and  9,  were  designed 
to  determine  to  what  distance  formalin  is  efficacious  when  poured  on 
blankets  and  sheets.  The  formalin  in  these  five  observations  was 
poured  in  a measured  amount  on  one  spot  or  edge  of  the  blanket  or 
sheet,  and  the  cultures  placed  at  varying  distances  and  separated  by 
varying  layers. 

In  two  instances,  ISTos.  7 and  8,  the  formalin  was  poured  on  a strip  of 
absorbent  cotton,  laid  along  the  edge  of  the  blanket,  instead  of  pour- 
ing it  directly  on  the  blanket. 

No.  5. 

One  cubic  centimeter  poured  on  one  spot,  blanket,  twenty-four  hours. 

One  cubic  centimeter  formalin  poured  on  one  spot  on  a blanket  at 
bottom  of  box  3 feet  4 inches  by  1 foot  9 inches  by  1 foot  9 inches. 
Slips  of  filter  paper,  moist  and  freshly  prepared  from  bouillon  cultures, 
placed  between  layers  of  blankets  2 feet  away  from  the  formalin. 
Twenty-four  hours’  exposure. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

+ 

+ 

-f 

9 

+ 

+ 

+ 

3 

+ 

(a) 

+ 

4 

+ 

+ 

+ 

5 

+ 

+ 

6 

-1- 

+ 

+ 

7 

-f 

+ 

+ 

Controls 

+ 

+ 

-f 

a Lost. 


No.  6. 


One  cubic  centimeter  poured  along  the  edge,  blanket,  twenty-four 
hours. 

One  cubic  centimeter  formalin  poured  along  the  edge  of  a blanket. 
Moist  cultures  in  filter  paper  8 inches  from  formalin  and  between  the  ^ 
layers,  as  stated  in  the  table.  Box  opened  after  twenty-four  hours. 


^1^ 
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i f 

4 ' 

Xo.  7. 

; ' Two  cubic  centimeters  on  absorbent  cotton,  edge  of  blanket,  twenty- 
' four  hours. 

Two  cubic  centimeters  formalin  ou  a strip  of  absorbent  cotton  placed 
along  the  edge  of  a blanket  at  one  end  of  box  15  by  15  by  15  inches. 
Moist  cultures  at  a distance  of  8 inches  between  layers  of  the  same 
blanket.  Box  opened  in  twenty-four  hours. 


Layers  of  blankets. 

Typhoid. 

Diph- 

theria. 

] 

O 

3 

1 

4 

4- 

Controls 

Xo.  8. 

Three  cubic  centimeters  on  strip  of  absorbent  cotton,  edge  of  blanket, 
twenty- four  hours. 

Three  cubic  centimeters  formalin  on  a strip  of  absorbent  cotton  placed 
along  the  edge  of  a blanket  at  one  end  of  box,  3 feet  4 inches  by  1 foot 
9 inches  by  1 foot  9 inches. 

Fresh  moist  cultures  placed  at  distances  of  8 inches,  12  inches,  18 
inches,  and  24  inches^  between  layers  of  the  same  blanket. 

Box  opened  after  twenty-four  hours  exposure. 


1 

1 

Layers 

of 

blankets. 

Inches — 

1 

8 

12 

18 

1 

24 

Typhoid 

1 

+ 

+ 

-1- 

I 

+ 

Diphtheria 

1 

-r 

-1- 

-1- 

-i- 

Typhoid 

2 

-t- 

+ 

+ 

-1- 

Diphtheria 

2 

-1- 

+ 

+ 

-h 

; Typhoid 

3 

-f- 

-f 

+ 

+ 

Diphtheria 

3 

-h 

-f 

+ 

-1- 

Typhoid 

4 

+ 

-f 

-f 

+ 

. Diphtheria 

4 

+ 

-f- 

-f 

+ 

Controls 

-f- 

+ 

+ 

+ 

Xo.  9. 

Four  cubic  centimeters  i^oured  along  the  edge  of  sheet,  twenty- four 
hours. 

Four  cubic  centimeters  formalin  poured  from  a pipette  on  the  edge 
of  a sheet  at  bottom  of  box  15  by  15  by  15  inches,  and  fresh  moist  cul- 
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tures  placed  at  measured  distances  between  the  several  layers  of  the 
same  sheet. 


Typhoid. 

Anthrax 

Spores. 

Diph- 

theria. 

Fourth  layer,  5 inches 

Do.  12  inches 

— 

“T 

— 

Do.  17  inches 

I 

-U 

— 

Eighth  layer,  6 inches 

— 

Do.  12  inches 

— 

■f 

— 

Controls 

+ 

-L 

1 

T 

It  is  plain  from  the  above  that  formalin  has  no  penetration  through 
blankets  when  poured  in  one  place.  It  seems  to  be  equally  ineffectual, 
whether  the  formalin  is  poured  directly  on  the  blanket,  along  its  edge, 
or  on  absorbent  material  placed  in  the  corners  of,  or  suspended  in  a box, 
in  the  twenty-four  hours’  exposure. 

A slightly  better  result  is  noticed  with  sheets.  Typhoid  and  diph- 
theria are  killed  through  4 and  8 layers  at  a distance  of  12  inches. 
No  effect,  however,  was  obtained  with  anthrax  spores. 

The  effect  of  sprinkling  the  formalin  so  that  the  small  drops  may 
have  better  chance  to  evaporate  and  liberate  the  gas  was  next  tried 
with  better  results. 

SPKIXKLING  SMALL  AMOUNTS  OF  FORMALIN  ON  SHEETS  AND  BLANK- 
ETS— TIME  OF  EXPOSURE,  TWENTY-FOUR  HOURS. 

In  the  following  tests  in  which  the  formalin  was  sprinTded — this  was 
carefully  done  from  a pipette  drawn  out  so  as  to  deliver  small  drops. 
Pains  were  taken  to  distribute  the  solution  in  small  drops,  uniformly, 
over  the  surface  of  the  blanket  or  sheet.  The  drops  were  far  enough 
apart  so  as  not  to  run  together. 


No.  10. 

Twenty-five  hundredths  cubic  centimeter  formalin  per  square  foot 
sprinkled  on  blanket,  twenty-four  hours  exposure. 

One  cubic  centimeter  formalin  sprinkled  on  the  surface  of  a blanket 
at  the  bottom  of  a box  2 by  2 by  2 feet.  The  cultures  on  slips  of  filter 
paper,  fresh  and  moist,  placed  between  the  layers  of  blankets. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

_ 

+ 

^ 1 

9. 

+ 

— 

— 1 

3 

“T 

_I_  ■ 

— 

4 

4- 

i 

5 

-f 

“T 

-f 

6 

-f 

-r 

_L 

j 

Controls 

-f 

-f  1 
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No.  11. 

Five-tenths  cubic  centimeter  formalin  per  square  foot,  sprinkled, 

' blankets,  twenty-four  hours’  exposure.  - 

Two  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  2 by  2 by  2 feet.  The  cultures  on  slips  of  paper,  moist  and 
freshly  prej^ared,  placed  between  layers  of  blankets,  exposed  twenty  four 
hours. 


Xo.  12. 


Five-tenths  cubic  centimeter  per  square  foot,  sprinkled,  formalin 
twenty-four  hours. 

Three  cubic  centimeters  formalin  sprinkled  on  blanket  at  bottom  of 
a box  3 feet  4 inches  by  1 foot  9 inches  by  1 foot  9 inches.  Fresh  moist 
cultures  on  slips  of  filter  paper.  Box  opened  after  twenty-four  hours. 


Layers 
of  blankets. 

Typhoid. 

An  thrax 
spores. 

Diph- 

theria. 

Remarks. 

1 

_ 

+ 

_ 

2 

-f 

— 

3 

-f 

-1- 

(a)  + 

a Small  growth  and  retarded. 

4 

— 

-1- 

+ 

Do. 

5 

-I- 

-f- 

— 

, 6 

+ 

+ 

-1- 

4- 

-f 

+ 

' 8 

+ 

+ 

9 

-h 

-f  - 

+ 

10 

-h 

-f 

+ 

11 

— 

Controls.. 

+ 

"T 

~ 

No.  13. 

Six-tenths  cubic  centimeter  per  square  foot,  sprinkled  on  blanket, 
twenty-four  hours’  exposure. 

One  cubic  centimeter  formalin  sprinkled  on  blanket  at  bottom  of 
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a box  15  by  15  by  15  inches.  Fresh  moist  cultures  ou  slips  of  filter 
paper.  Box  opened  after  twenty-four  hours’  exposure. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

O 

3 

A 

— 

-f 

+ 

5 

"T~ 

— 

“T  E 

Controls  

- 

~T 

- j 

In  the  foregoing  four  exi^erimeuts,  Kos.  10,  11,  12,  and  13,  the  blankets 
were  dry.  The  small  amount  of  formalin  used  failed  to  kill  diphtheria 
through  1 layer.  In  the  following  experiment,  No.  14,  the  blankets 
were  moist,  the  other  conditions  remaining  the  same : 

No.  14. 

Six-tenths  cubic  centimeter  per  square  foot,  moist  blankets,  twenty- 
four  hours. 

One  cubic  centimeter  formalin  sprinkled  on  moist  blanket  at  bottom 
of  a box  15  by  15  by  15  inches.  Fresh  moist  cultures  on  slips  of  filter 
paper  placed  between  layers  of  moist  blankets.  Box  opened  after 
twenty-  four  hours  exposure.  Blankets  still  moist. 


Layers  of  blankets.  Ty-phoid. 

Diph- 

theria. 

1 + 

1 

0 



' 3 4- 

4  -f 

5  -f 

1 

J 

-f 

Controls -f 

-f 

In  this  experiment  (No.  14)  we  have  an  irregular  result.  Small 
quantities  of  formalin  produce  irregular  results  in  almost  all  the  pub- 
lished works  on  this  subject. 

We  may,  therefore,  conclude  from  the  foregoing  tests  that  small 
quantities  of  formalin  sprinkled  on  blankets  and  sheets  have  practically 
no  disinfecting  power  in  a closed  container,  excepting  on  the  spot  where 
the  solution  falls,  after  twenty-four  hours’  exposure. 

SPEIXKLING  DILUTE  FOEMALIN  OX  BLAXKETS  AXD  SHEETS — TIME  OF 

EXPOSUEE,  TWENTY-FOUE  HOUES. 

Small  quantities  of  formalin  having  very  little  effect  the  next  series 
of  experiments  were  designed  to  determine  whether  small  amounts  of 
formalin  diluted  and  well  sprinkled  would  aid  the  evolution  and  pene- 
tration of  the  gas.  Observations  Nos.  15,  16,  17,  18,  and  19  were  made 
with  1 c.  c.  of  formalin  diluted  with  4,  5,  10,  15,  and  25  cubic  centi- 
meters of  water,  respectively. 
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No.  15. 

WSix-tenths  cubic  centimeters  diluted  per  square  foot,  sprinkled  on 
blankets,  twenty* four  hours. 


f''  One  cubic  centimeter  of  formalin  diluted  with  4 c.  c.  of  distilled 
water  sprinkled  in  small  drops  on  a blanket  carefully  smoothed  out  over 
the  bottom  of  a box  15  by  15  by  15  inches.  Freshly  prepared  cultures 
on  slips  of  filter  paper,  still  moist,  placed  between  layers  of  blankets. 
Box  opened  after  twenty-four  hours. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

_ 

+ 

0 

— 

+ 

— 

3 

— 

+ 

— 

4 

— 

“T 

+ 

6 

— 

_L 

-i- 

8 

+ 

4- 

+ 

Controls 

+ 

+ 

4- 

No.  16. 

Six- tenths  cubic  centimeter  formalin  diluted  per  square  foot,  sprin- 
kled, blankets,  twenty-four  hours. 

One  cubic  centimeter  diluted  in  5 c.  c.  water ; otherwise  the  same 
conditions  as  No.  14. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 ; 





“T 

2 

— 

+ 

4- 

3 

— 

-j- 

4 

— 

+ 

— 

5 

— 

+ 

— 

Controls 

-f 

-U 

+ 

No.  17. 

Six-tenths  cubic  centimeter  formalin  diluted  per  square  foot,  sprinkled, 
blankets,  twenty-four  hours. 

One  cubic  centimeter  formalin  and  15  c.  c.  water,  sprinkled  on 
blankets;  otherwise  the  same  conditions  as  Nos.  14  and  15. 


Laye).-o  olankets. 

1 

Typhoid. 

Anthrax  Di,  h- 
spores,  theria. 

1 

_ 

— -f 

9 

Q 

— 

4 

— 

(c)-f  ! — 

— 

(c)+  — 

Controls 

+ 

+ i ^ 1 

c Contaminated. 
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1 

I 


No.  18. 

Six-tenths  cubic  centimeter  formalin  diluted  per  square  foot,  sprinkled, 
blankets,  twenty-four  hours. 

One  cubic  centimeter  formalin  and  15  c.  c.  water ; otherwise  the  same 
conditions  as  Xos.  14,  15,  and  16. 


Layers  of  blankets. 

Typhoid. 

Anthrax 
spores.  1 

Diph- 

theria. 

1 

o 

3 

(c)- 

1 M 

— 

4 

— 

"T*  1 

~i” 

5 

id)  1 

i ■“ 

+ . 

Controls 

“T 

”T“  i 

c Contaminated.  d Lost. 


Xo.  19. 

» 

Six-tenths  cubic  centimeter  formalin  diluted  per  square  foot,  sprinkled, 
blankets. 


One  cubic  centimeter  formalin,  25  c.  c.  water;  otherwise  the  same 
conditions  as  Xos.  14,  15,  16,  and  17. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

(c)  + 



1 

o 

1 

3 

— 

~r 

+ ' 

4 

— 

-r 

“T 

5 

— 

+ 

— 

Controls 

+ 

+ 

1 

c Contaminated. 


Diluting  the  formalin,  therefore,  does  not  increase  its  efficiency  when  j 
used  by  this  method — sprinkling.  Dilution  appears  to  have  somewhat 
the  same  influence  that  moist  blankets  have,  viz,  renders  its  penetration  j 
through  the  blankets  very  irregular.  | 

Small  amounts  of  formalin  used  by  this  method  gave  such  unexpected  j 
results  that  a few  more  tests  were  made  at  a later  date  to  confirm  these  i 
observations  and  are  inserted  here. 


Xo.  20.  I 

Five-tenths  cubic  centimeter  per  square  foot  diluted,  sprinkled,  ^ 
blankets.  " j 

Two  cubic  centimeters  formalin  diluted  with  10  c.  c.  of  water  sprinkled  j 
on  a blanket  at  bottom  of  a box  2 by  2 by  2 feet.  ^ 


I 
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‘ 7 

Fresh  moist  cultures  ou  slips  of  filter  paper  placed  between  layers  of 
dry  blankets.  Twenty- four  hours’  exi^osure. 


[.ayers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 



+ 



•> 

— 

+ 

— 

3 

— 

+ 

-U 

4 

— 

-h 

— 

5 

— 

+ 

{«) 

Controls 

+ 

+ 

a Lost. 


^o.  21. 

Five- tenths  cubic  centimeter  per  square  foot,  sprinkled,  blankets. 

Three  cubic  centimeters  formalin  diluted  with  15  c.  c.  of  distilled 
water  sprinkled  on  a blanket  at  bottom  of  a box  3 feet  4 inches  by  1 foot 
9 inches  by  1 foot  9 inches.  Cultures  on  slips  of  filter  paper,  freshly 
prepared  and  moist,  laid  between  layers  of  dry  sterilized  blankets. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

- 

+ 

1 

0 

— 

-r 

+ 

3 

— 

+ 

— 

4 

— 

_L 

— 

5 

— 

+ 

— 

Controls 

+ 

+ 

- 

Being  satisfied  that  small  amounts  of  formalin  used  by  this  method 
are  ineffectual,  larger  amounts  were  next  tried. 

SPRINKLING  LARGER  AMOUNTS  OF  FORMALIN  ON  BLANKETS  AND 
SHEETS. — TIME  OF  EXPOSURE,  TWENTY-FOUR  HOURS. 

17o.  22. 

One  and  three-tenths  per  square  foot,  sprinkled,  blankets,  twenty- 
four  hours. 

Two  cubic  centimeters  formalin  sprinkled  on  a blanket  at  bottom  of 
box  15  by  15  by  15  inches.  Cultures  on  slips  of  filter  paper,  freshly 
prepared,  placed  between  layers  of  blankets.  Tweutj^-four  hours’ 
exposure. 


Layers  of  blankets. 

Typhoid. 

Anthrax  Diph- 
spores  theria. 

1 



- 

\{n)  + 

3 

— 

-f 

— 

.*> 

+ 

-1- 

(a)  -1- 

i 

+ 

-1- 

■b 

<) 

-f 

-f- 

T 

Controls 

-f- 

-f 

i + 

2 


(a)  Retarded. 
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llo.  23. 

One  and  three-tenths  cubic  centimeters  per  square  foot,  sprinkled, 
blankets,  twenty-four  hours. 

Same  conditions  as  Ho.  24. 


Layers  of  blankets. 

Typhoid. 

Anthrax 

spores. 

Diph- 

theria. 

1 

2 

— 

+ 

— 

3 

— 

-f- 

T 

4 

— 

+ 

— 

5 

-T 

+ 

+ 

Controls 

1 

T 

+ 

The  2 foregoing  tests,  Hos.  22  and  23,  were  made  with  dry  blankets. 
The  following  one  was  made  with  moist  blankets ; the  other  conditions  J 
being  similar : i 

Ho.  24.  I 

One  and  three  tenths  cubic  centimeters  per  square  foot,  sprinkled  moist  \ 
blankets,  twenty- four  hours.  ! 

Two  cubic  centimeters  formalin  sprinkled  on  a moist  blanket  at  bot-  j 
tom  of  box  15  by  15  by  15  inches.  Cultures  fresh  and  moist  as  above 
and  placed  between  the  layers  of  a moist  blanket.  Box  opened  after 
twenty -four  hours’  exposure.  The  blankets  are  still  moist. 
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It  is  again  evident  that  the  presence  of  moisture  interferes  with  the 
penetration  of  the  formaldehyd  when  used  by  this  method  and  causes 
an  irregular  effect.  . • 

In  the  following  test  layer  amounts,  2 c.  c.  per  square  foot  were  used  : ' 

Ho.  25.  ' 

Two  cubic  centimeters  formalin  per  square  foot,  sprinkled,  blankets, 
twenty- four  hours. 

Three  cubic  centimeters  formalin  sprinkled  on  a blanket  at  bottom  of 
a box  15  by  15  by  15  inches.  Cultures  fresh  and  moist  on  slips  of  filter 
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paper  placed  between  layers  of  blankets.  Box  opened  after  twenty-four 
hours. 


Layers  of  blankets. 
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Xo.  26. 

Two  cubic  centimeters  formalin  per  square  foot,  sprinkled,  blankets, 
twenty-four  hours. 

Three  cubic  centimeters  formalin  sprinkled  on  a blanket  at  bottom 
of  a box  15  by  15  by  15  inches.  Cultures  on  slips  of  paper,  freshly 
prepared  and  moist,  between  layers  of  blankets.  Twenty-four  hours’ 
exposure. 
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Xo.  27. 

Two  cubic  centimeters  per  square  foot,  sprinkled,  blankets,  twenty- 
four  hours. 

Three  cubic  centimeters  formalin  sprinkled  on  a blanket  at  bottom  of 
a box  15  by  15  by  15  inches.  Fresh  bouillon  cultures  of  the  organism 
placed  on  slips  of  filter  paper,  twent3^-four  hours’  exposure. 
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It  is  §een  from  Xos.  25,  26,  and  27,  that  2 c.  c.  of  formalin  per  square 
foot,  when  well  sprinkled,  may  be  depended  upon  to  penetrate  through 
four  lajws  of  blankets  and  kill  typhoid  and  diphtheria  cultures,  but  it 


has  no  effect  at  all  upon  anthrax  spores,  though  separated  by  only  a 
single  layer. 

The  next  tests  were  made  to  determine  whether  diluting  the  larger 
amounts  of  formalin  before  sprinkling  it  increased  its  power  of  pene- 
tration. 

LARGER  AMOUNTS  OF  FORMALIN  DILUTED  AND  SPRINKLED. — TIME  OF 

EXPOSURE,  TWENTA^-FOUR  HOURS. 

Xo.  28. 


Two  cubic  centimeters  diluted  per  square  foot,  sprinkled,  blankets, 
twenty-four  hours. 

Three  cubic  centimeters  formalin  diluted  with  5 c.  c.  of  water  sj>rinkled 
on  a blanket  on  the  bottom  of  a box  15  by  15  by  15  inches.  Fresh  moist  ; 
cultures  on  slips  of  filter  paper  placed  between  layers  of  blankets.  Box  i 
Dpened  after  twenty-four  hours’  exposure. 
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Xo.  29. 

Two  cuoic  centimeters  formalin  diluted  per  square  foot,  sprinkled, 
blankets,  twenty-four  hours. 

Three  cubic  centimeters  formalin  diluted  with  10  c.  c.  of  water ; other 
conditions  the  same  as  No.  28. 


Layers  of  blankets. 

Typhoid. 

1 , 

2 y 
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,,  Xo.  30. 

•«Two  cubic  centimeters  diiuted  per  scpiare  foot,  sprinkled,  blankets. 

( twenty-four  hours. 

Three  cubic  centimeters  diluted  with  15  c.  c.  of  water ; other  condi- 
tions same  as  Xos.  28  and  29. 
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I - From  Xos.  28,  29,  and  30,  it  appears  that  2 c.  c.  of  formalin  diluted 
with  5,  10,  and  15  c.  c.  of  water  will  kill  nonspore-beariug  organisms, 
such  as  typhoid  and  diphtheria,  through  4 layers  of  blanket,  the  same 
as  when  undiluted. 

STILL  LAEGER  AMOUNTS  OF  FOR3IALIX,  SPRINKLED. — TIME  OF  EX- 
* POSURE,  TWENTY-FOUR  HOURS. 

Xo.  31. 

Two  and  seven- tenths  cubic  centimeters  per  square  foot,  sj)rinkled, 
blankets,  twenty -four  hours. 

Four  cubic  centimeters  formalin  sprinked  on  blanket  laid  in  the  bot- 
*tom  of  a box  15  by  15  by  15  inches.  Slips  of  filter  paper  impregnated 
with  the  cultures,  placed  while  fresh  and  moist  between  the  blankets. 
Box  opened  after  twenty-four  hours’  exposure. 
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Xo.  32. 

Two  and  seven-tenths  cubic  centimeters  per  square  foot,  sprinkled, 
blankets,  twenty-four  hours. 

Four  cubic  centimeters  formalin  veiy  carefully  sprinkled  upon 
blanket  at  bottom  of  a box  15  by  15  by  15  inches.  Slips  of  filter  paper 
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impregnated  with  the  cultures  placed  while  still  moist  between  the 
layers  of  blankets. 


Layers  of  blankets. 

Typhoid. 

Anthrax 
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Xo.  33. 

Two  and  five-tenths  cubic  centimeters  per  square  foot,  sprinkled  on 
blankets,  twenty-six  hours. 

Ten  cubic  centimeters  formalin  sprinkled  on  blanket  at  bottom  of 
a box  2 by  2 by  2 feet.  Cultures  on  slips  of  filter  paper,  moist  and 
freshly  prepared  from  bouillon.  Box  opened  after  twenty-six  hours. 
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The  effects  of  2 and  2.7  c.  c.  formalin  per  square  foot  being  quite 
constant  through  4 layers  of  blankets,  and  often  penetrating  through  5 
and  8 layers  for  nonspore-bearing  forms  of  organisms,  another  trial  was 
now  made  to  contrast  the  effect  of  using  the  same  amount  of  formalin 
and  keeping  all  the  other  conditions  constant,  except  pouring  the 
formalin  on  the  blanket  instead  of  sprinkling. 

Special  attention  is  called  to  experiment  No.  33.  In  this  test  a growth 
was  obtained  from  typhoid  through  2 layers  of  blanket.  Such  irregu- 
larities occasionally  creeping  in  make  an  element  of  uncertainty  that 
renders  this  method  of  disinfection  very  questionable.  A good  method 
of  disinfection  must  have  no  exceptions.  It  must  invariably  kill. 
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ANOTHER  TEST  BY  POURING  INSTEAD  OF  SPRINKLING. — TIME  OF 
EXPOSURE,  TWENTY-FOUR  HOURS. 

No.  34. 

Two  and  seven-tenths  cubic  centimeters  per  square  foot,  blankets, 
poured,  not  sprinkled,  twenty-four  hours. 

Four  cubic  centimeters  formalin,  poured,  not  sprinkled,  on  a blanket 
laid  on  the  bottom  of  a box  15  by  15  by  15  inches. 

^ Diphtheria  and  typhoid  cultures  from  36- hours- old  bouillon  growths. 
Anthrax  from  six  days,  containing  spores. 

i Slips  of  filter  paper  impregnated  with  cultures  and  jfiaced  fresh  and 
moist  between  the  layers  of  sterilized  blankets.  Box  opened  after 
twenty- four  hours. 
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This  experiment  again  em^ihasizes  the  importance  of  sprinkling  the 
formalin  in  small  drops ; otherwise  the  effect  is  irregular  and  uncertain. 

CULTURES  IN  COAT  POCKET. 

No.  35. 

Two  and  seven-tenths  per  square  foot,  cultures  in  coat  pocket,  twenty- 
four  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  a blanket  laid  on  bot- 
tom of  a box  15  by  15  by  15  inches.  The  cultures  wrapped  in  sterile 
paper  and  placed  in  the  pocket  of  a coat  which  was  folded  and  packed 
in  the  box  so  that  the  cultures  were  in  the  inside. 
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Experiment  No.  35  gives  expected  result  with  nousporulating  organ- 
ism, but  had  no  effect  on  anthrax. 


24 


poe:malix  speixkled  foe  doii^xt^aed  effect. — miE  of  exposeee, 

TWENTY- FOUE  HOUES. 

Xo.  36. 

Two  and  seven- tenths  cubic  centimeters  per  square  foot,  blankets, 
downward  effect,  twenty-four  hours. 

All  the  foregoing  observations  having  been  made  by  sprinkling  the 
formalin  on  blankets  or  sheets  at  the  bottom  of  the  box,  and  the  cultures 
placed  between  other  blankets  or  sheets  laid  over  this,  this  observation 
was  made  with  these  conditions  reversed — that  is,  the  cultures  were 
placed  between  the  layers  of  blanket  at  the  bottom  of  the  box  and 
4 c.  c.  formalin  sprinkled  above.  About  the  same  effect  was  obtained. 
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SPEINKLEVG  LAEE  AWOFNTS. — TWENTY-FOFE  HOUES'  EXPOSURE. 

Xo.  37. 

Four  cubic  centimeters  per  square  foot,  sprinkled,  blankets,  twenty- 
four  hours. 

Six  cubic  centimeters  formalin  sprinkled  on  blariket  at  bottom  of  box 
15  bv  15  bv  15  inches.  Cultures  fresh  and  moist  placed  between  lavers 
of  blankets  as  in  the  other  tests. 
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Xo.  38. 

Four  and  two- tenths  cubic  centimeters  per  square  foot,  sprinkled  on 
blankets,  twentv-four  hours. 

c 

Twenty-five  cubic  centimeters  formalin  sprinkled  on  a blanket  in  bot- 
tom of  a box  3 feet  4 inches  by  1 foot  9 inches  by  1 foot  9 inches.  Cul- 
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tures  on  slips  of  filter  paper,  moist  and  freshly  prepared.  Opened  after 
twenty-fonr  hours. 
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It  appears  that  increasing  the  amount  of  formalin  does  not  corre- 
spondingly increase  the  power  of  penetration.  Four  cubic  centimeters 
per  square  foot  is  not  more  effective  than  2.5  c.  c.  per  square  foot  in 
twenty -four  hours’  exposure,  although  more  constant  in  its  results. 

The  next  series  of  experiments  were  made  to  determine  whether 
increasing  the  time  would  increase  the  efficiency  by  this  method. 

From  test  Xo.  39  all  the  slips  were  neutralized  with  ammonia  after 
exposure  and  before  planting  in  bouillon. 

INCREASING  THE  TIME  OF  EXPOSURE  FROM  TWENTY-FOUR  HOURS  TO 

FIVE  DAYS,  ETC. — FORMALIN  ON  ABSORBENT  COTTON  IN  CORNERS 

OF  BOX. 

- . ' Xo.  39. 

Ten  cubic  centimeters  formalin  in  corners  of  box.  Cultures  between 
layei’S  of  blanket,  five  days. 

Two  and  one-half  cubic  centimeters  formalin  poured  on  pledgets  of 
absorbent  cotton  in  each  corner  of  a box  15  by  15  by  15  inches.  Ten 
cubic  centimeters  in  all.  Slips  of  filter  jiaper,  moist  and  freshly  iire- 
pared  from  bouillon  cultures,  were  placed  between  layers  of  a dry 
blanket  laid  on  the  bottom  of  the  box  without  pressure. 

On  opening,  after  an  exposure  of  five  days,  the  cotton  was  found  to 
be  dry  and  contained  a dejiosit  of  paraform. 
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No.  40. 

Fifteen  cubic  centimeters  formalin  in  corners  of  box.  Cultures 
between  layers  of  blankets,  five  days. 

Three  and  one-half  cubic  centimeters  formalin  poured  on  pledgets  of 
absorbent  cotton  in  each  corner  of  a box  15  by  15  by  15  inches.  Fifteen 
cubic  centimeters  in  all.  Slips  of  filter  paper  moist  and  freshly  pre- 
pared from  bouillon  cultures  were  placed  between  layers  of  a dry  blanket 
laid  on  the  bottom  of  the  box  without  pressure. 

On  opening,  after  an  exposure  of  five  days,  the  cotton  was  found  to  be 
dry  and  contained  a deposit  of  paraform. 
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No.  41. 

Twenty-five  cubic  centimeters  formalin  in  corners  of  box.  Cultures 
between  layers  of  blanket,  five  days. 

Six  and  one  fourth  cubic  centimeters  formalin  poured  on  pledgets  of 
absorbent  cotton  in  each  corner  of  a box  15  by  15  by  15  inches.  Twenty- 
five  cubic  centimeters  in  all.  Slips  of  filter  paper  moist  and  freshly  pre- 
pared from  bouillon  culture  were  placed  between  layers  of  a dry  blanket 
laid  on  the  bottom  of  the  box  without  pressure. 

On  opening,  after  an  exposure  of  five  days,  the  cotton  was  found  to 
be  dry  and  contained  a deposit  of  paraform. 
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From  Nos.  39,  40,  and  41,  it  is  plain  that  even  five  days’  exposure, 
with  the  formalin  in  cotton  in  the  corners  of  the  box  has  no  effect. 
The  formaldehyd  was  deposited  as  paraform  and  not  enough  of  the  gas 
was  liberated  to  destroy  typhoid  and  diphtheria.  This  method  is 
therefore  totally  inapplicable. 

Further  trials  were  then  conducted  by  the  method  of  sprinkling,  but  , 
increasing  the  time  of  exposure  to  two,  three,  four,  and  five  days. 


FORMALIN  SPRINKLED  ON  BLANKET. — TIME  OF  EXPOSURE,  TWO  TO 

FIVE  DAYS. 

f-  No.  42. 


If 

.. 


One  and  three-tenths  cubic  centimeters  formalin  per  square  foot. 
Cultures  between  layers  of  blankets,  seventy-two  hours. 

Two  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  by  15  by  15  inches.  Slips  of  filter  paper,  moist  and  freshly 
prepared  from  bouillon  cultures,  were  placed  between  layers  of  dry 
blankets,  seventy-two  hours’  exposure. 
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(a)  Light  growth  and  retarded. 


No.  43. 


One  and  three-tenths  cubic  centimeters  formalin  per  square  foot. 
^ Cultures  between  layers  of  blankets,  ninetj’  hours. 

I Two  cubic  centimeters  formalin  ^sprinkled  on  a blanket  at  the  bottom 
! *of  a box  15  by  15  by' 15  inches. 

I Slips  of  filter  paper  moist  and  freshly  prepared  from  bouillon  cul- 
! tures  were,  placed  between  layers  of  dry  blankets,  ninety  hours’  ex- 
i posure. 
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Experiments  Nos.  42  and  46  plainly  show  that  small  amounts  of  for- 
malin sprinkled  on  blankets  and  exposed  seventy-two  and  ninety  hours 
do  not  kill  anthrax  spores  through  2 layers  of  blanket  nor  diphtheria 
through  4 layers. 

Larger  amounts  of  formalin  were  next  used. 
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Xo.  44. 

Two  and  seven  tenths  cubic  centimeters  formalin  per  square  foot. 
Cultures  between  layers  of  blanket,  forty-eight  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  bv  15  bv  15  inches. 

Slips  of  filter  paper  moist  and  freshly  prepared  from  bouillon  cul- 
tures were  placed  between  layers  of  dry  blankets,  forty-eight  hours’ 
exposure. 
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a Retarded  five  days — very  light  growth. 

Xo.  45. 


Two  and  seven-tenths  cubic  centimeters  formalin  per  square  foot. 
Cultures  between  layers  of  blanket,  seventy-two  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  by  15  by  15  inches. 

Slips  of  filter  paper  moist  and  freshly  prepared  from  bouillon  cultures 
were  xfiaced  between  layers  of  dry  blankets,  seventy-two  hours’  exposure. 
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Xo.  46. 


Two  and  seven-tenths  cubic  centimeters  formalin  per  square  foot. 
Cultures  between  layers  of  blankets,  ninety  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  bv  15  bv  15  inches. 

Slips  of  filter  paper,  moist  and  freshly  prepared  from  bouillon  cultures, 
were  placed  between  layers  of  dry  blankets,  ninety  hours’  exposure. 
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Ko.  47. 

Two  and  seven-tenths  cubic  centimeters  formalin  per  square  foot. 
Cultures  between  layers  of  blanket,  ninety  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  by  15  by  15  inches. 

Slips  of  filter  paper,  moist  and  freshlj-  prepared  from  bouillon  cul- 
tures, were  placed  between  layers  of  dry  blankets,  ninety  hours’ 
exposure. 
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(a)  Light  growth. 


From  the  foregoing  four  tests,  Xos.  44  to  47,  it  will  be  seen  that 
2.7  c.  c.  of  formalin  per  square  foot  will  not  always  penetrate  through 
2 layers  of  blankets  and  never  through  more  than  4 for  anthrax 
spores,  and  for  nonspore-bearing  organisms  it  can  not  be  detrended 
upon  through  more  than  3 layers. 

It  is  therefore  concluded  that  increasing  the  time  of  exposure  does 
not  increase  the  power  of  penetration  through  blankets. 

However,  to  make  the  work  complete  still  larger  amounts  of  formalin 
were  used  as  follows  : 

LARGE  AMOUNTS  OF  FORMALIN  SPRINKLED  ON  BLANKETS. — TIME  OF 

EXPOSURE,  NINETY  HOURS. 

No.  48. 

Four  cubic  centimeters  formalin  per  square  foot.  Cultures  between 
layers  of  blankets,  ninety  hours. 

Six  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  by  15  by  15  inches.  Slips  of  filter  paper  moist  and  freshl}' 
prepared  from  bouillon  cultures  were  placed  between  layers  of  dry 
blankets,  ninety  hours’  exposure. 


Layers  of  blankets. 

Typhoid. 
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Xo.  49. 

Four  cubic  centimeters  formalin  per  square  foot.  Cultures  between 
layers  of  blanket,  ninety  hours. 

Six  cubic  centimeters  formalin  sprinkled  on  a blanket  at  the  bottom 
of  a box  15  by  15  by  15  inches. 

Slips  of  filter  paper  moist  and  freshly  prepared  from  bouillon  cultures 
were  placed  between  layers  of  dry  blankets,  ninety  hours'  exposure. 


Layers  of  blankets. 

Typhoid. 

Anthrax 
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Xo.  50. 


Five  cubic  centimeters  formalin  per  square  foot.  Cultures  between 
layers  of  blanket,  ninety  hours. 

Eight  cubic  centimeters  formalin  sx^rinkled  on  a blanket  at  bottom  of 
a box  15  by  15  by  15  inches. 

Slips  of  filter  paper  moist  and  freshly  prepared  from  bouillon 
cultures  were  placed  between  layers  of  dry  blankets,  ninety  hours’ 
exposure. 


Layers  of  blankets. 

Typhoid. 
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a Small  growth. 


From  Xos.  48,  49  and  50  more  constant  results  are  obtained  with  4 
and  5 c.  c.  formalin  per  square  foot  with  ninety  hours’  exposure  than 
with  2.5  c.  c.  per  square  foot. 

Cultures  were  always  killed  through  4 layers  of  blankets  but  not 
through  6. 

It  is  therefore  plain  that  increasing  the  time  of  exposure  with  this 
method  over  twenty-four  hours  does  not  correspondingly  increase  its 
efficiency. 
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A few  further  experiments  were  made  to  test  its  peuetration  through 
cotton  fabrics  with  the  following  results : 

' SPRINKLED  ON  SHEETS,  MUSLIN,  AND  CHEESE  CLOTH. — TIME  OF 

EXPOSURE,  TWO  TO  THREE  DAYS. 

Xo.  51.' 

Two  and  seven-tenths  cubic  centimeters  formalin  per  square  foot, 
sprinkled,  sheets,  forty-eight  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  sheet  at  bottom  of  a 
box  15  by  15  by  15  inches.  Cultures  fresh  and  moist  on  slips  of  filter 
paper  placed  ‘between  layers  of  sheet.  Box  opened  after  forty-eight 
hours,  culture  held  in  ammonia  gas  one  half  minute  and  then  planted 
in  bouillon. 
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From  Xo.  51  it  is  seen  that  formalin  will  penetrate  through  about  15 
layers  of  sheets,  which,  however,  does  not  equal  in  bulk  3 layers  of 
blankets. 

Xo.  52. 

Two  and  seven-tenths  cubic  centimeters  formalin  per  square  foot, 
spiiiikled,  cheese  cloth,  seventj"-two  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  cheese  cloth  at  bottom 
of  a box  15  by  15  by  15  inches.  Cultures  freshly  jirepared  and  moist 
on  slips  of  filter  paper  placed  between  the  layers  of  the  cheese  cloth. 
Box  opened  after  seventy-two  hours,  cultures  held  in  ammonia  gas  one- 
half  minute  and  then  planted  in  bouillon. 
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]S"o.  53. 

One  and  twenty-five  hundredths  cubic  centimeters  per  square  foot,  I 
sprinkled,  moist  sheets,  forty-eight  hours.  ;l 

Five  cubic  centimeters  formalin  sprinkled  on  sheet  at  bottom  of  a box  .1 
2 by  2 by  2 feet.  Cultures  on  slips  of  filter  paper,  moist.  Sheets  still  | 
moist  from  sterilizer,  forty-eight  hours’  exposure. 


Layers  of  sheets.  Typhoid. 

Anthrax  Diph- 
spores.  theria. 
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Xo.  54. 

Four  cubic  centimeters  per  square  foot,  sprinkled,  cheese  cloth,  ji 
seventy-two  hours. 

Six  cubic  centimeters  formalin  sprinkled  on  a sheet  at  bottom  of  a box  'I 
15  by  15  by  15  inches.  Fresh  moist  cultures  on  slips  of  filter  x^aper  ' 
placed  between  layers  of  sheet,  three  days’  exposure. 


Layers. 

. Diph-  Subtilis 
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Xo.  55. 

Two  and  seven-tenths  cubic  centimeters  per  square  foot,  sprinkled, 
sheets,  seventy- two  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  a sheet  on  bottom  of  a 
box  15  by  15  by  15  inches.  Fresh  moist  cultures  on  slips  of  filter  x>aper  i 
jfiaced  between  layers  of  sheet,  three  days’  exposure. 
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I Ko.  5G. 

■ Two  and  seven-tenths  centimeters  per  square  foot,  sprinkled,  muslin, 

I seventy-  two  hours. 

Four  cubic  centimeters  formalin  sprinkled  on  sheet  at  bottom  of  a 

I 

I box  15  by  15  by  15  inches.  Fresh  moist  cultures  on  slips  of  filter  i)aper 
placed  between  layers  of  muslin,  three  days’  exposure. 
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CONCLUSIONS. 

Large  quantities  of  formalin  poured  on  absorbent  material  in  the 
corners  of  or  suspended  in  a box  have  practically  no  disinfecting  power 
between  layers  of  blankets  or  sheets,  even  after  five  days’  exposure. 

Tlie  formalin  neither  evaporates  nor  liberates  its  formaldehyd  in  a 
closed  container  at  ordinary  temperatures  (18  to  25°  C.)  in  twenty-four 
hours. 

In  two  to  five  days  the  fluid  will  evaporate,  but  the  formaldehyd  is 
dejmsited  as  paraform  on  the  spot  where  it  was  poured. 

This  method  of  pouring  the  formalin  on  absorbent  material  is  there- 
fore totally  inapplicable  to  the  disinfection  of  baggage,  in  a closed 
container. 

Spi'inkling  formalin  on  baggage  in  a trunk  or  box  may  be  depended 
upon  to  kill  nonspore-beariug  organisms,  such  as  typhoid  and  diphtheria, 
through  3 layers  of  blankets. 

The  method,  however,  is  not  a reliable  one  unless  a sufficient  quantity 
of  formalin  is  sprinkled  in  small  drojjs  uniformly  over  the  surface  and 
between  many  layers. 

It  can  not  be  depended  upon  to  kill  anthrax  spores  through  1 layer 
of  blanket. 

Formaldehyd  is  given  off  from  its  aqueous  solution  in  very  small 
amounts  at  ordinary  temperatures. 

The  evaporation  of  the  solution  in  a closed  container  is  slow  and  uncer- 
tain. 

In  using  this  method,  therefore,  great  care  must  be  exercised  to  sprinkle 
the  formalin  uniformly,  and  in  small  drops.  It  is  best  to  keep  the  con- 
tainer in  a warm  place  to  facilitate  the  evolution  of  the  gas. 

Use  not  less  than  4 c.  c.  of  formalin,  containing  40  per  cent  formal- 
dehyd, over  every  square  foot  of  surface  between  every  third  layer  of 
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blankets  or  their  equivalent.  Somewhat  less  will  suffice  for  linen  and  : 
cotton  goods. 

This  means  the  use  of  from  50  to  100  c.  c.  per  cubic  foot.  ! 

i 

Increasing  the  amount  from  2.5  c.  c.  to  4 c.  c.  per  square  foot  does  not 
correspondingly  increase  its  power  of  penetration,  but  gives  constant 
results.  I 

Increasing  the  time  of  exposure  over  twenty-four  hours  does  not 
increase  the  penetrating  power  of  the  disinfectant. 

Pouring  the  liquid  in  one  place,  and  splashing  the  one  liquid  on  with ; 
brushes  will  not  suffice.  The  formalin  must  be  carefully  sprinkled  in 
small  drops  and  distributed  uniformly  over  the  surface,  between  many ; 
layers.  j 

Excessive  moisture  of  the  fabrics  interferes  with  penetration  and  gives ! 
irregular  results. 

Formalin,  as  sold  commercially,  has  an  acid  reaction.  This  is  some- 1 
times  excessive  and  ruins  colors  and  fabrics.  Pure  formalin  spots  and  I 
“fixes”  leather,  and  injures  certain  dyes.  Even  pure  water  will  spot: 
some  delicate  silks  and  colors.  Care  must  therefore  be  exercised  as  to ; 
the  articles  with  which  the  formalin  comes  in  contact. 

As  far  as  known,  all  our  quarantinable  diseases  are  caused  by  non- 
spore bearing  organisms,  and  our  object  is  to  disinfect,  not  sterilize. 
However,  the  quarantine  regulations  of  the  United  States  require  the 
use  of  chemical  and  physical  agents  sufficient  to  destroy  spores.  This 
excess  is  justified  as  an  element  of  safety  to  secure  good  results  in  prac-! 
tical  work  on  a large  scale.  This  method  of  disinfection  by  sprinkling 
or  pouring  formalin  in  a closed  box,  as  here  set  forth,  does  not  reach  i 
this  standard,  for  even  in  large  amounts  it  sometimes  fails  to  kill  anthrax 
spores  through  one  layer  of  blanket,  and  therefore  can  not  be  consid- 
ered a good  method  of  disinfection. 
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[By  H.  D.  GecldingSj  Parsed  Assistant  Surgeon.  Acting  Director  Hygienic  Laboratory, 

Marine-Hospital  Service.] 


In  considering  the  action  of  sulphur  dioxide  or  sulphurous  oxide  as  a 
disinfecting  or  germicidal  agent,  it  is  well  possibly  to  begin  with  a brief 
review  of  the  nature  of  the  substance,  its  physical  properties,  and  the 
method  of  its  action. 

Sulphur  dioxide,  or  sulphurous  oxide,  SO2,  is  the  only  compound  of 
the  combustion  of  sulphur  in  dry  air  or  in  oxygen  gas.  There  are  many 
methods  of  preparation,  the  easiest  and  most  simple  being  jthe  burning 
of  sulphur  in  air.  It  may  also  be  prepared  by  heating  copper  in  a state 
of  fine  division  as  clippings  or  borings,  with  sulphuric  acid,  or  by  heat- 
ing sulphur  in  the  presence  of  concentrated  sulphuric  acid.  By  either 
of  these  methods  a liberal  and  x^ery  regular  evolution  of  the  gas  is 
obtained. 

Sulphur  dioxide  is  a colorless  gas  having  a peculiar  suffocating  odor. 
It  instantly  extinguishes  flame  and  is  totally  irrespirable,  therefore 
quickly  destroying  animal  life.  It  has  a density  of  2.11  ; a liter  weighs 
2.86  grams;  100  cubic  inches  weigh  68.69  grains.  At  about  4 atmos- 
pheres, or  60  pounds  pressure,  it  can  be  reduced  to  a liquid,  and  at 
17.8°  C.  and  at  ordinary  pressure  it  is  reduced  to  a liquid  condition, 
colorless,  limpid,  and  very  expansible  by  heat.  Cold  water  dissolves 
more  than  thirty  times  its  weight  of  the  gas.  Solutions  containing  sul- 
phur dioxide  remain  unchanged  if  excluded  from  the  action  of  atmos- 
pheric oxygen,  but  when  oxygen  is  present  the  liquid  is  rapidly  oxidized 
into*  a higher  form,  sulphuric  hydrate,  H.2SO^.  In  a dry  state  sulphur 
dioxide  and  oxygen  gases  may  remain  in  contact  for  any  length  of  time 
without  change. 

Sulphurous  acid,  or  sulphur  dioxide,  has  active  bleaching  properties. 
It  is  used  in  the  arts  for  bleaching  woven  goods  and  straw.  A piece  of 
blue  litmus  paper  plunged  into  moist  sulphur  dioxide  is  at  first 
reddened  and  then  slowly  bleaclied.  In  considering  its  action  as  a dis- 
infecting agent  this  bleaching  property  mu.st  be  borne  in  mind. 

The  use  of  sulphur  dioxide  as  a disinfecting  agent  dates  back  to  a 
very  remote  period,  far  preceding  that  of  the  recognition  of  the  bacte- 
rial origin  of  most  contagious  and  infectious  diseases,  indeed,  going 
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back  to  the  time  when  the  old  ^‘humoral’’  syslem  of  pathology  was  Id 
full  vogue ; it  being  supposed,  even  in  the  then  crude  state  of  knowledge, 
that  “contagion’’  was  a living  entity,  the  destructive  effect  of  the  gas 
was  fully  recognized.  In  an  old  book  dealing  with  nautical  matters 
and  intended  for  the  guidance  of  shipmasters  it  is  related  that  after 
smallpox  a room  or  apartment  can  be  rendered  safe  by  burning  “a 
small  fragment  of  brimstone”  in  the  closed  apartment.  It  is  the 
impression  of  the  writer  that  sulphur  is  one  of  the  agents  mentioned  as 
having  been  tried  in  the  cleansing  of  the  celebrated  Augean  stables, 
prior  to  the  emi^loyment  of  Hercules  to  complete  the  stupendous  labor. 
Whether  it  was  burned  or  whether  it  was  used  by  other  methods  is  not 
related.  Therefore,  sulphur  as  a disinfecting  agent  certainly  has  the 
respectability  of  antiquity  to  recommend  it. 

There  has  been  much  disparagement  of  the  germicidal  action  of  sul- 
phur dioxide  when  employed  for  disinfecting  or  sanitary  purposes.  It 
is  well  to  state  in  the  very  beginning  that  the  agent  has  distinct  limita- 
tions. Certainly  it  can  not  be  denied  that  it  has  great  activity  when 
used  intelligently  and  under  favorable  conditions.  Two  principal  argu- 
ments have  been  actively  exploited  against  the  employment  of  sulphur 
dioxide,  an'd  these  are,  respectively,  its  lack  of  penetrating  power  and 
its  destructive  influence  upon  fabrics  or  textiles  and  tissues.  But  the 
question  naturally  arises,  Is  penetrating  power  a prime  essential  in  a 
disinfecting  agent?  Take  the  case  of  a room  or  apartment  infected  by 
occuiDancy  of  one  suffering  with  a contagious  or  infectious  disease. 
These  diseases  are  usually  of  comparatively  short  duration,  and  are  not 
in  any  sense  of  the  term  lingering  or  long  drawn  out.  The  bedding  of 
the  patient  may  be  soiled,  but  this  soiling  is  more  than  apt  to  be  super- 
ficial, and  especially  in  the  case  of  soiling  by  fecal  matter.  Soiling  by 
urinary  secretion  may,  of  course,  penetrate  deeply,  but  it  is  fortunate 
from  a sanitary  standpoint  that  the  elimination  of  active  pathogenic 
bacteria  by  the  kidneys  is  rare,  and,  indeed,  in  most  diseases  admits  of 
some  doubt. 

A much  more  serious  objection  to  the  employment  of  sulj)har  dioxide 
is  its  destructive  effects  upon  textiles  and  fabrics.  Being  employed,  as 
has  already  been  noted,  in  the  arts  as  a bleaching  agent,  it  is  very.evi^ 
dent  that  it  is  not  adapted  for  the  disinfection  of  such  materials  as  are 
colored  by  vegetable  dyes  or  by  most  of  the  aniline  colors.  The  blue 
dyes  of  vegetable  origin,  such  as  the  indigo  derivatives,  are  turned  red 
by  the  action  of  sulphur  dioxide  in  the  presence  of  moisture.  The  red 
dyes  of  vegetable  origin,  such  as  madder,  are  converted  into  a brilliant 
orange  red  5 nor  does  the  damage  stop  here.  The  strength  of  fabrics 
thus  subjected  to  moist  sulphur  dioxide  is  seriously  impaired,  and  this 
impairment  of  strength  progresses  so  long  as  any  of  the  agent  remains 
in  the  interstices  of  the  fabric.  It  is  easy  to  understand  this  when  it  is 
recollected  that  the  hydrated  sujphur  dioxide  is  converted  into  sulphuric 
acid  by  oxidation,  and  the  destructive  effects  of  this  acid  upon  all  fab- 
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rics  and  materials  is  a matter  of  common  knowledge.  Again,  cotton  or 
I linen  fabrics  are  equally  injured,  unless  the  bleaching  action  is  arrested 
i by  some  appropriate  means.  The  piece  of  linen  or  cotton  goods,  esj^e- 
I cially  if  containing  starch  or  size,  exposed  to  the  action  of  damp  or 
j moist  sulphur  dioxide  is  so  acted  upon  that  unless  washed  immediately 
after  the  disinfecting  process  it  will  be  found  to  have  rotted  or  decayed 
j||  in  such  a manner  that  it  can  easily  be  shaken  to  pieces. 

I!  These  are  in  the  main  the  principal  objections  to  the  employment  of 
sulphur  dioxide  as  a germicidal  agent  and  form  distinctly  one  of  its 
limitations.  Therefore,  let  it  be  laid  down  as  a general  rule  that,  except 
I in  the  absence  of  better  means,  sulphur  dioxide  should  not  be  employed 
j for  the  disinfection  of  fabrics  or  textiles,  or,  if  so  employed,  the  parties 
interested  should  be  notified  in  advance  that  colored  fabrics  will  prob- 
[ ably  be  changed  in  appearance,  and  uncolored  ones,  unless  washed 
immediately  after,  may  be  expected  to  become  useless  within  a com- 
j paratively  short  time. 

j But,  on  the  other  hand,  the  agent  has  most  distinct  advantages.  In 
' the  first  place,  the  material  for  its  production  is  accessible  almost  every- 
where. There  is  hardly  a crossroads  store  in  any  part  of  the  country 
where  a reasonable  quantity  of  sulirhur,  either  in  the  form  of  flowers 
I or  in  rolls  or  sticks  under  the  name  of  brimstone,  can  not  be  obtained. 

I It  is  an  easy  matter,  therefore,  to  close  an  apartment,  and  in  a pot,  pan, 

I or  other  receptacle  to  burn  a quantity  of  sulphur,  and  thus  render  an 
I apartment  safe  from  the  danger  of  conveying  infection  to  those  who  may 

(subsequently  occupy  it.  Again,  the  agent  is  very  cheap,  and  it  requires 
only  a comparatively  small  quantity  to  disinfect  large  spaces.  Notably 
„ is  this  the  case  in  the  holds  of  ships  and  in  railway  freight  cars  or  in 
!!  other  vehicles  which  are  used  in  the  ordinary  dispatch  of  commercial 
intercourse.  For  this  purpose  the  agent  is  most  effective  and  fills  an 
important  place  in  our  quarantine  and  epidemic  measures.  Whether 
or  not  all  contagions  are  air  borne  is  a matter  which  is  yet  involved  in 
doubt,  but  it  would  seem  for  practical  purposes  that  they  may  be  so 
considered.  Therefore,  wherever  infection  in  its  broadest  sense  has  pene- 
trated, conveyed  by  the  surrounding  atmosphere,  there  it  is  certain 
, that  the  disinfecting  agent,  sulphur  dioxide,  being  gaseous  in  its  nature, 
will  penetrate. 

I From  a quarantine  and  epidemic  standpoint  it  is  most  fortunate,  too, 
that  all  the  quarantinable  or  epidemic  diseases  common  to  man  are 
? caused  by  simple  organisms — that  is  to  say,  those  which  are  not  of  the 
spore-bearing  variety.  It  will  subsequently  be  shown  that  as  against 
this  class  of  organisms  sulphur  is  thoroughly  eflicient  when  accompanied 
by  moisture  and  when  it  can  be  brought  into  contact  with  them.  The 
question  of  spores  introduces  another  factor  into  the  question,  but,  as 
has  been  said,  fortunately  the  question  of  spores  does  not  enter  into 
quarantine  measures  or  epidemic  practices. 

The  quarantinable  diseases,  as  defined  by  the  regulations  of  the  Treas- 
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ury  Department  of-tlie  United  States,  are  cholera,  yellow  fever,  typhus 
fever,  smallpox,  plague,  and  leprosy.  To  these,  from  a municipal  or 
sanitary  standpoint,  may  be  added  the  eruptive  fevers,  measles,  chicken 
pox,  scarlet  fever,  and  the  dread  scorge  of  municipalities — diphtheria. 
Leprosy  for  the  present  is  left  out  of  consideration,  for  while  its  causa- 
tive organism  is  known  its  method  of  contagion  or  infection  is  as  yet 
unsettled. 

An  effort  has  been  made  in  the  experiments  that  are  about  to  be 
detailed  to  establish  several  points:  First,  the  efficiency  of  sulphur 
dioxide  as  a disinfectant ; second,  the  minimum  percentage  necessary 
for  efficient  disinfection  against  yellow  fever,  diphtheria,  cholera,  and 
plague;  third,  to  demonstrate  the  minimum  exposure  to  this  minimum 
percentage  in  order  that  disinfection  of  vessels  may  be  reduced  to  the 
smallest  possible  basis  of  expense,  damage,  and  loss  of  time. 

Ever  since  the  systematic  employment  of  suli^hur  dioxide  as  a germi- 
cidal agent  it  has  been  empirically  recommended  that  moisture  should 
be  present  and  should  be  hupplied  either  by  the  introduction  of  steam 
or  water  in  the  form  of  spray,  or  by  water  vaporized  by  the  heat  engen 
dered  in  the  combustion  of  the  suliffiur  employed  for  the  production  of 
the  disinfecting  agent.  This  matter  has  been  the  subject  of  much  dis- 
cussion, and  while  generally  recognized  as  being  necessary  for  efficient 
work,  there  have  been  but  few  authoritative  statements  on  the  subject. 
Therefore,  the  first  experiment  made  was  with  a view  of  solving  this 
question.  This  was  done  after  the  following  manner  : 

PEELOIIXARY  EXPERIMENT. 

A large  bell  jar  having  an  aperture  for  the  admission  of  the  gas  was 
loaded  with  envelopes  containing  strips  of  flannel  which  were  wet  with 
bouillon  cultures  of  anthrax,  cholera,  the  colon  bacillus,  typhoid,  diph- 
theria, the  bacillus  icteroides  of  Sanarelli,  and  the  bacillus  of  bubonic 
plague.  The  envelopes  were  sealed  and  were  then  perforated  with  a 
punch  to  admit  the  access  of  the  gas.  The  bell  jar  was  mounted  on 
a plate  of  ground  glass  and  air-tight  contact  was  obtained  by  the  use 
of  vaseline.  Licpiefied  sulphur  dioxide  was  the  agent  employed,  and  in 
order  to  insure  its  reaching  the  bell  jar  in  a state  of  thorough  dryness 
the  gas  was  passed  through  two  drying  columns  containing  pumice 
stone  wet  with  strong  sulphuric  acid.  The  percentage  of  sulphur 
dioxide  contained  in  the  atmosphere  of  the  bell  jar  was  determined  at 
once  by  means  of  the  decolorizing  action  of  the  gas  upon  a decinormal 
solution  of  iodine  and  was  again  determined  at  the  co.nclusion  of  the 
time  of  exposure.  The  first  experiment  showed  the  presence  of  9.8  per 
cent  of  dry  sulphur  dioxide,  practically  the  10  per  cent  demanded  by 
the  quarantine  regulations  of  the  Treasury  Department.  The  time  of 
exposure  was  forty-eight  hours.  At  the  conclusion  of  the  experiment 
the  quantity  of  gas  in  the  atmosphere  had  fallen  to  about  9.2  per  cent, 
showing  practically  that  during  the  whole  duration  of  the  experiment 


the  percentage  of  sulphur  dioxide  had  been  between  9 and  10  per  cent. 
The  slips  of  flannel  were  then  removed  from  their  envelopes  and  planted 
into  tubes  of  ordinary  buillou,  and  these  tubes  were  then  placed  in  the 
incubator  at  37°  C.  and  were  noted  at  the  end  of  twenty-four  hours.  It 
was  then  seen  that  all  of  the  organisms  except  anthrax  had  been  inhib- 
ited. This  organism  showed  a normal  growth,  apparently  not  retarded 
in  any  way  by  the  process  to  which  it  had  been  subjected.  But  obser- 
vation at  the  end  of  another  twenty-four  hours — that  is,  forty-eight 
hours  in  all — showed  that  the  effect  on  the  other  organisms  had  simply 
been  inhibitory  and  not  germicidal.  There  was  a growth  in  all  of  the 
|j  tubes  of  all  of  the  organisms  planted.  The  question  may,  therefore,  be 
' decided  as  settled  that  di'y  sulphur  dioxide  is  not  an  efficient  or  reliable 
,|  germicidal  agent  for  quarantine  or  epidemic  practice. 

' The  experiments  were  then  continued  as  follows : 

! Experiiment  No.  1. 


; Bouillon  cultures  of  cholera,  colon,  diphtheria,  typhoid,  icteroides, 
I and  plague  were  exposed  on  slips  of  filter  pajDer  inclosed  in  sealed 
' i envelopes,  which  envelopes  were  perforated  to  allow  access  of  the  gas. 

* The  cubic  capacity  of  the  room  used  was  500  cubic  feet.  The  percent- 
i age  of  sulphur  dioxide,  by  actual  determination,  was  0.6  per  cent.  The 

! vessel  ill  which  the  sulphur  was  burned  was  immersed  in  another  vessel 
containing  a quantity  of  water,  which  was  measured  before  and  after 
} j the  experiment,  and  the  amount  found  evaporated  was  150  c.  c.  Time 
of  exposure,  twenty-four  hours. 

Six  cultures  of  each  of  the  above  organisms  were  placed  on  a shelf 
within  the  room ; six  each  were  suspended  near  the  ceiling ; two  were 
placed  on.  the  floor  of  the  room ; one  of  each  under  a heavy  carpet  upon 
the  floor. 

The  temiierature  at  the  beginning  of  the  experiment  was  31°  C.,  and 
the  highest  temperature  noted  during  the  continuance  of  the  experiment 
was  35°  C. 

The  results  obtained  in  this  experiment  were  very  uniform.  No 
single  organism  survived  the  i^rocess.  The  controls  in  all  cases  grew. 


Experiment  No.  2.  • 


The  next  experiment  was  identical  with  the  preceding,  the  same 
i organisms  being  used,  except  that  the  percentage  of  gas  was  0.8  per 
cent  and  the  time  of  exposure  was  shortened  to  twenty  hours.  The 
results- were  the  same.  All  oiganisms  subjected  to  the  process  were 
killed,  while  the  controls  all  grew. 

Experiment  No.  3. 

Tlie  next  experiment  was  made  with  cultures  as  before,  disposed  upon 
the  floor  of  the  room,  the_shelf,  suspended  near  the  ceiling  and  under 
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carpet  on  the  floor,  but  to  obtain  the  effect  of  the  gas  upon  spores,  cul- 
tures of  anthrax  containing  spores  were  exposed  under  the  same  condi- 
tions. The  percentage  of  gas  was  1.6  per  cent.  One  hundred  and  fifty 
cubic  centimeters  of  water  were  introduced  into  the  room,  after  the 
combustion  of  sulphur,  in  the  form  of  steam.  Time,  eighteen  hours. 

The  results  were  that  anthrax  exposed  under  all  conditions  showed  a 
growth.  The  other  organisms  were  uniformly  killed,  while  all  controls 
showed  normal  growth. 

Experiment  No.  4. 

Percentage  of  gas  4. 25  per  cent ; time,  sixteen  hours.  Cultures, 
anthrax,  cholera,  colon  bacillus,  diphtheria,  typhoid,  icteroides,  and 
plague,  were  exposed  in  envelopes  upon  the  shelf,  and  floor  of  the  room, 
under  carpet,  and  enveloped  under  four  layers  of  blanket.  Of  those 
exposed  on  the  shelf  all  were  killed.  Of  those  exposed  under  the  car- 
pet anthrax  grew  while  the  others  were  uniformly  killed.  Of  those 
enveloped  in  the  blanket  anthrax,  tyj)hoid  and  icteroides  grew;  cholera, 
colon,  diphtheria,  and  plague,  were  killed.  Controls  to  this  experi- 
ment grew  uniformly. 

In  the  experiments  involviog  the  use  of  a small  percentage  of  gas 
spore-bearing  organisms,  as  anthrax,  were  not  employed,  the  design 
being  to  observe  the  effect  of  low  percentages  of  the  gas  upon  organisms 
interesting  from  a quarantine  or  epidemic  point  of  view.  The  results 
would  seem  to  indicate  that  provided  a proper  quantity  of  moisture  be 
present,  even  these  low  percentages  are  efficient  against  ordinary  patho* 
genic  organisms. 

Numerous  experiments  have  been  made  with  various  percentages  of 
the  gas  to  fulfill  the  third  indication  laid  down  for  these  experiments, 
namely,  to  demonstrate  the  minimum  exposure  to  minimum  percentage. 

The  results  of  these  experiments  have  been  uniformly  to  show  that, 
while  low  percentages  of  the  gas  have  been  uniformly  efficient  as  a dis- 
infectiag  agent,  it  has  been  found  impossible  to  produce  germicidal 
effects  within  any  very  short  period.  The  times  tried  have  been,  respec- 
tively; two  hours,  four  hours,  six  hours,  eight  hours,  twelve  hours, 
fourteen  hours,  and  sixteen  hours.  Sixteen  hours,  as  has  been  shown 
above,  have  given  good  results  with  comparatively  low  percentages  of  gas, 
but  uniform  germicidal  effects  have  not  been  obtained  under  this  time. 
This  would  seem  to  indicate  that  a certain  time  is  necessarv  to  allow  the 
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gas  to  penetrate  and  remain  in  contact  with  the  organisms  which  it  is 
designed  to  destroy,  but,  above  all,  the  experiments  have  demonstrated 
that  it  is  possible  to  employ  the  gas  as  a germicidal  agent  in"  much 
lower  percentages  and  for  considerably  shorter  term  of  exposure  than  is 
now  required  by  the  regulations  of  the  Treasury  Department  of  the 
United  States.  Four  and  one-quarter  per  cent  has  been  the  maximum 
quantity  of  gas  used  ; twenty-four  hours  the  longest  time.  While  the 
time  may  have  been  shortened  materially  by  the  employment  of  this 
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percentage,  it  is  still  believed  that  twenty-four  hours  should  be  the 
minimum  time. 

[N’ow  let  us  see  what  practical  bearing  these  results  may  have  upon 
quarantine  practice.  The  regulations  require  for  the  holds  of  vessels, 
either  iron  or  wood,  10  per  cent  volume  of  gas,  and  forty-eight  to 
seventy-two  hours’  exposure  in  the  case  of  wooden  vessels  ; twenty- four 
to  forty-eight  hours  in  the  case  of  iron  vesseJs.  This  percentage  of  gas 
can  only  be  obtained  by  the  use  of  special  apparatus  in  the  nature  of  a 
specially  constructed  furnace  and  a fan  or  blower  driven  by  an  engine 
to  aspirate  the  gas  from  the  furnace  as  fast  as  formed  and  introduce  it 
into  the  hold  of  a ship  undergoing  disinfection.  Investigation  of  many 
quarantine  stations  has  demonstrated  that  in  none  of  them  was  10  per 
cent  sulphur  dioxide  used.  In  many  of  them  the  percentage  ranged 
from  2.50  to  6 per  cent.  So  far  as  the  record  shows  there  is  no  instance 
of  a sliip  once  having  undergone  disinfection  at  a national  or  State 
quarantine  station  having  imparted  the  infection  of  the  disease  which 
was  principally  the  subject  of  quarantine,  yellow  fever,  to  any  person 
or  to  any  community  subsequently  in  contact  therewith. 

I It  would  seem  that  as  a result  of  these  experiments  there  might  be  an 
essential  change  made  in  the  quarantine  regulations  upon  this  point. 
Five  per  cent  sulphur  dioxide  intelligently  applied  for  twenty  four  hours 
would  seem  to  be  all  that  would  be  necessary.  This  percentage  of  gas, 
or  very  near  it,  can  be  obtained  by  the  old  method  of  the  combustion 
of  sulphur  in  pots  which  can  be  placed  in  the  holds  or  other  apartments 
of  ships  which  it  is  desired  to  disinfect.  And  the  time  can  be  shortened 
from  seventy-two  hours  as  a maximum  to  probably  twenty-four  hours 
as  a maximum  instead  of  a minimum,  in  all  cases. 

The  above  experiments  having  served  to  show  the  minimum  percent- 
age of  gas  necessary  to  effect  certain  disinfecting  results  and  the  mini- 
mum time  necessary  to  arrive  at  these  same  facts,  it  would  now  be  well 
to  consider  the  means  for  the  practical  application  of  sulphur  dioxide 
as  a disinfecting  agent. 

I Several  methods  may  be  employed.  Let  us  commence  with  the  pre- 
‘sumption  that  we  desire  to  obtain  a 5 per  cent  atmosphere  in  a given 
space.  How  can  this  be  arrived  atf  As  has  been  mentioned  heretofore, 
there  are  numerous  methods,  the  burning  of  sulphur,  the  production  of 
sulphur  dioxide  by  the  action  of  sulphuric  acid  upon  either  copper  or 
sulphur,  and  it  has  also  been  noted  that  under  the  influence  of  pressure 
j or  low  temperatures,  or  the  two  combined,  sulphur  dioxide  may  be 
reduced  to  a liquid  condition  readily  expansible  by  the  application  of 
heat.  Therefore,  the  first  method  may  be  given  as  the  use  of  liquefied 
sulphur  dioxide  in  such  quantities  as  to  obtain  the  percentage  required. 
f It  must  be  borne  in  mind  here  (having  reference  to  the  atomic  weights 
of  sulphur,  oxygen  and  sulphur  dioxide)  that  1 pound  of  sulphur  will  pro- 
duce 2 pounds  of  sulphur  dioxide.  Tlierefore,  reversing  the  proposition, 
2 pounds  of  liquefied  sulphur  dioxide  must  be  used  in  lieu  of  1 pound  of 
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sulplinr.  This  method  is  efficient  and  rapid,  but  very  expensive,  and, 
except  under  certain  conditions,  may  be  eliminated  from  our  considera- 
tion of  practical  quarantine  measures.  Neither  is  it  worth  while,  in 
this  connection,  to  give  consideration  to  either  of  the  other  two  methods 
of  the  treatment  of  either  sulphur  or  copper  by  sulphuric  acid,  as  they 
entail  the  use  of  heat  and  apparatus  more  or  less  complicated.  In 
addition  to  which,  it  is  a procedure  not  free  from  danger  for  the  unin- 
itiated to  subject  concentrated  sulphuric  acid  to  the  action  of  heat. 
Terrific  accidents  and  horrible  burns  might  easily  result.  But  a means 
easy  and  effectual  still  remains  to  us.  That  is  the  combustion  of  sul- 
phur in  the  presence  of  atmospheric  oxygen. 

Taking  into  consideration  the  actual  weight  of  a given  number  of 
cubic  inches  of  sulphur  dioxide,  we  find  that  disregarding  temperature 
and  barometric  pressure,  and  presuming  that  our  sulphur  is  free  from 
contaminations  or  impurities,  we  can  obtain  about  1.15  per  cent  of  sul- 
phur dioxide  by  the  combustion  of  1 pound  of  sulphur  in  a space  of 
1,000  cubic  feet.  Sulphur,  however,  is  seldom  pure,  containing  impu- 
rities in  the  nature  of  sulj)hate  of  lime  and  sand,  and  a portion  of  it 
being  always  oxidized  to  the  formation  of  ill-defined  compounds. 
Again,  all  gases  have  a very  regular  rate  of  expansion  and  a constant 
factor  is  equivalent  to  ^-g-o  for  each  degree  centigrade  from  zero  up. 
It  has  been  noted  by  Surgeon  Carter,  M.  H.  S.,  that  the  holds  of  vessels 
during  the  process  of  combustion  of  sulphur  sometime  reaches  140°  P., 
or  60°  C.  Presuming,  therefore,  on  a normal  temperature  of  22°  C.  we 
have  ranges  of  temperature  from  22°  to  60°  C.,  or  a range  of  38°,  giving 
an  expansion  of  gas  about  equivalent  to  of  the  entire  mass.  Taking 
this,  we  have  1.03  as  the  obtainable  percentage  under  normal  condi- 
tions of  temperature,  and  making  allowance  for  the  impurities  noted 
as  existing  in  sulphur,  it  might  be  said  that  in  round  numbers  101 
pounds  of  sulphur  can  be  counted  on  as  producing  10  per  cent  sulphur 
dioxide  in  1,000  cubic  feet  of  space.  To  obtain  5 per  cent,  therefore, 
is  simply  to  use  one-half  or  51  pounds.  Of  course,  it  would  be  prudent 
to  allow  for  wastage  or  for  imperfect  combustion,  and  these  factors  one 
must  decide  for  himself.  It  has  been  suggested  that  20  per  cent  be’ 
allowed  for  these  sources  of  error. 

As  has  been  seen,  the  presence  of  moisture  is  necessary  to  an  effectual 
germicidal  power  on  the  part  of  sulphur  dioxide.  In  other  words,  that 
sulphur  dioxide  must  be  converted  into  sulphurous  acid.  It  is  compara- 
tively easy  to  arrive  at  the  amount  of  water  necessary  for  this.  The 
atomic  weight  of  sulphur  dioxide  as  compared  with  sulphurous  acid  is 
as  64  to  82 ; in  other  words,  about  20  per  cent  o-f  the  weight  of  sulphur 
used  should  be  allowed  for  water  to  be  volatilized  or  added  to  produce 
a proper  hydration.  Therefore,  one-fifth  pound,  theoretically,  of  water 
should  be  volatilized  or  added  for  each  pound  of  sulphur  burned.  Many 
ways  suggest  themselves  of  effecting  this  result.  The  water  might  be 
ai^plied  in  the  form  of  steam  after  the  combustion  of  the  sulphur.  It 
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might  be  added  after  the  combustion  of  the  sulphur  in  the  form  of  a 
I finely  divided  spray,  or  it  might  be  vaporized  by  the  heat  generated  in 
the  combustion  of  the  sulphur  itself.  The  latter  method  is  the  one 
; that  will  commend  itself  for  practical  use.  Of  course,  it  might  be  i^ossible 
to  evaporate  a given  quantity  of  water  and  turn  the  resulting  steam  into 
: the  apartment  or  hold  filled  with  sulphur  dioxide,  but  this  would 
require  a special  apparatus.  The  same  might  be  said  of  the  production 
i of  the  spray,  but  it  would  require  a spray  of  considerable  power  to  reach 
to  all  parts  which  have  been  penetrated  by  the  sulphur  dioxide,  and,  as 
the  process  would  have  to  be  conducted  by  faith  rather  than  by  sight,  it 
is  not  a commendable  practice.  On  the  contrary,  the  vaporization  of 
water  by  the  heat  engendered  in  the  burning  of  the  sulphur  is,  so  to 
speak,  an  automatic  process. 

Let  the  sulphur  be  burned  in  shallow  pots  of  iron,  nothing  being 
better  than  the  old-fashioned  Dutch  oven  for  this  purpose,  and  let  each 
II  of  these  containers  stand  in  a larger  vessel  containing  water.  As  the 
J iron  of  the  oven  becomes  hot,  water  will  be  vaporized  and  rising  around 
■ ^ the  fumes  of  the  burning  sulphur,  union  will  at  once  take  place  and 
nascent  sulphurous  acid  will  be  the  result. 

Again,  allowance  must  be  made  for  unavoidable  losses  or  defects. 
While  about  one-fifth  would  be  about  the  theoretical  requirement,  let 
one-half  pound  of  water  be  vaporized  for  every  pound  of  sulphur  used. 

A point  of  much  importance,  which  should  be  mentioned,  is  that  the 
vessels  containing  the  burning  sulphur  should  not  rest  at  the  lowest 
point  of  the  apartment  or  hold  undergoing  disinfection,  but,  as  recom- 
mended by  Surgeon  White,  the  pots  should  be  elevated  in  the  holds  of 
vessels  on  piles  of  ballast,  which  would  raise  them  a considerable  dis- 
tance above  the  floor  of  the  hold  of  the  ship  undergoing  disinfection 
I or  the  floor  of  the  apartment  which  it  is  desired  to  purify.  The  reason 
for  this  is  obvious  upon  consideration.  Hot  gases  ascend  and  nat- 
I urally  fill  the  upper  portions  of  the  apartments;  on  cooling,  they  descend 
! and  fill  the  lower  strata  of  the  hold  or  room.  Here  the  flame  extinguish- 
: ing  effect  of  sulphur  dioxide  comes  into  play,  and  it  is  quite  possible 
that  the  flames  of  the  burning  sulphur  would  be  extinguished  before 
the  oxygen  of  the  atmosphere  was  exhausted  by  chemical  union  with 
the  sulphur.  The  object  to  be  attained  is  verj^  simple ; to  convert  all  of 
ithe  oxygen  of  the  contained  atmosphere  of  the  hold  or  apartment  into 

I sulphur  dioxide  by  union  with  burning  sulphur.  Bearing  this  in  mind, 
methods  for  accomplishing  this  end  will  readily  suggest  themselves  to 
’ anyone  of  ordinary  intelligence,  certainly  to  anyone  who  Inis  had  prac- 
tical experience  in  the  matter  of  ship  or  room  disinfection. 

’ The  mention  of  another  practical  point  will  fittingly  bring  this  article 
r to.  a close.  It  has  come  under  the  observation  of  the  writer  that  in 
^ some  places  where  the  “pot  method”  of  disinfection  of  ships  wius  prac- 
I ticed,  it  was  the  habit  to  employ"  one  large  vessel,  a caldron  or  wjlsIi 
I boiler,  for  the  combustion  of  the  sulphur.  This  is  wrong,  for,  should 

if 
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the  flame  be  extinguished  by  the  effect  of  the  gas,  the  whole  process 
would  necessarily  have  to  be  gone  over.  If  the  sulphur  is  divided 
among  a considerable  number  of  smaller  containers  the  greater  part  of 
this  danger  is  obviated  and,  there  being  more  sources  of  supply,  the 
uncertainty  which  always  surrounds  the  practical  diffusion  of  gases  is 
neutralized. 

It  is  therefore  recommended  that  the  combustion  of  sulphur  should 
be  effected  in  such  a manner  that  no  vessel  used  for  the  combustion 
should  contain  more  than  30  to  40  pounds  of  the  sulphur.  This  sulphur, 
too,  should  be  in  a state  of  flne  division,  and  ignition  should  be  obtained 
by  using  a liberal  quantity  of  alcohol  to  start  the  Are  in  each  pot. 
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LETTEK  OF  TKANSMITTAL. 


'J'keasuky  Department, 

' ]\Iarine-Hospital  Service, 

,,  Washington  ^ April  ^5^  1001. 

Sir;  In  May  of  lajst  year  a preliminary  note  upon  ‘‘ The  ViabiliU’ 
of  the  Baeillus  Pestis"  Avas  submitted  and  published  in  the  •‘Public 
Health  Reports,”  Vol.  XV,  No.  21. 

The  work  has  l)een  continued  Avithout  interruption  in  this  lal)oratory 
since  that  time  and  I have  noAV  the  honor  to  make  a more  complete 
report  upon  this  important  subject. 

During  my  al)senee  in  Europe  this  Avork  Avas  continued  by  P.  A. 
Surgeon  H.  I).  Geddings,  IM.  H.  S. , especially  in  relation  to  food  stuli's, 

. and  his  report  is  embodied  in  his  own  AAmrds. 

] 1 have  also  to  acknoAvledge  material  help  from  Assistant  Surgeons 

I Currie  and  Long  in  carrying  on  many  details  of  the  work  Avhile  they 
were  stationed  in  the  Laboratory. 

I I Respectfully,  M.  d.  Rosenau, 

t " Director.,  llygicnic  Laboratorg. 

' The  Surgeon-General, 

U.  S.  Marine- Hospital  Service^ 

Washington^  1>.  C. 


THE  VIABILITY  OF  THE  BACILLI’S  FESTIS. 


[By  M.  J.  Rosenaii,  Passed  Assistant  Surgeon,  Director  Hygienic  Laboratory,  Marine- 

Hospital  Service.] 


There  are  man}"  factors  that  influence  the  life  of  the  bacillus  pestis 
in  the  outer  world.  Some  of  these  influences,  such  as  temperature, 
moisture,  and  light,  are  well  understood.  The  bacillus  withstands  dry- 
ing very  badly.  It  can  not  live  long  in  the  direct,  warm  sunshine. 
High  temperatures  are  iiiA^ariably  fatal. 

In  the  light  of  these  experiments  and  the  published  work  of  others 
we  have  to  modify  considerably  our  views  upon  the  viability  of  the 
bacillus  pestis.  It  does  not  always  and  under  all  circumstances  die  in 
so  short  a time  as  a few  days,  as  the  work  of  Kitasato  and  Wilni  first 
indicated.  We  noAv  know  that  the  organism  may  live  for  months,  and 
even  years,  in  a test  tube,  on  a moist  albuminous  medium.  And  the 
present  work  shows  that  even  when  dry  it  may  live  over  four  months, 
provided  the  temperature  is  cool — less  than  20^  C. 

The  bacillus  of  plague  can  in  no  sense  be  considered  a tender  organ- 
ism, as  was  at  first  supposed.  It  is  much  easier  to  cultivate  than  the 
lanceolate  coccus  of  pneumonia  or  the  pathogenic  streptococci.  In  this 
re.spect  it  resembles  more  closely  the  hardier  of  the  hemorrhagic 
septica^mic  group. 

In  this  laboratorv  we  have  worked  with  the  organism  from  .seven 
sources:  from  Djiddah,  Oporto,  Rio  de  »faneiro,  Bombay,  the  New 
York  Quarantine  case,  Glasgow,  and  San  Franci.sco,  ^^"e  find  that  all 
these  seven  varieties  thrive  well  on  artificial  media  under  the  usual 
laboratory  conditions. 

We  tested  the  life  history  of  this  organism  upon  a great  variety  of 
objects  and  under  various  conditions.  We  attempted  to  imitate  natui'e. 
But  we  can  not  imitate  all  the  conditions  undei’  which  the  organism 
may  exist  in  nature,  and  we  ought  not,  therefore,  to  apply  the  experi- 
ence of  the  laboratorv  too  literally  to  the  life  history  of  the  plague 
l)acillus  outside  of  the  body.  We  may  determine  with  fair  certainty 
the  length  of  time  the  bjicillus  mav  live  under  given  conditions.  But 
these  conditions  are  more  or  less  arbitrary,  and  to  a certain  extent 
artificial.  In  general  terms,  we  can  state  whether  it  is  a hardy  organ- 
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ism,  resistant  to  influences  usually  detrimental  to  bacterial  life,  or  one 
that  loses  its  virulence  and  dies  quickly  when  removed  from  its  natural 
habitat. 

The  bacillus  of  plague  does  not  exist  in  nature  on  sterile  glass  cover 
slips,  nor  yet  in  the  desiccator  over  concentrated  sulphuric  acid,  which 
were  conditions  used  by  some  authors  who  have  reported  their  results 
on  this  question. 

It  is  also  necessary  to  call  attention  to  certain  conditions  which 
obtained  in  most  of  these  experiments,  that  are  very  far  from  the  usual 
state  of  affairs. 

The  test  objects  were  very  abundantl}^  inoculated  with  a pure  cul- 
ture of  the  bacillus  pestis  of  known  activity  and  virulence.  Often  the 
test  objects  were  saturated.  The  cultures  had  been  grown  for  a long 
time  upon  artiflcial  media  in  the  laboratory,  so  that  their  vitality  was 
probably  strongly  influenced.  It  is  a well-known  fact  that  virulent 
pathogenic  bacteria  may  at  first  grow  ver}^  poorly  upon  the  ordi- 
nary lalioratory  media,  but  by  successive  cultivation  they  become 
accustomed  to  the  new  conditions,  so  that  they  finally  thrive  abund- 
antly; that  is  to  say,  they  take  on  a sort  of  saprophytic  existence. 
Such  cultures  would  doubtless  resist  the  various  influences  to  which 
the}^  are  exposed  in  the  laboratory  tests  better  than  another  race  direct 
from  the  blood  or  tissues.  In  fact,  it  is  found  that  the  plague  bacillus 
in  the  blood  and  tissues  from  a rabbit  usually  dies  out  rather  quickly 
when  dried  upon  the  test  objects.  On  the  contrary,  bouillon  cultures 
dried  on  similar  objects  and  under  similar  conditions  live  a much 
longer  time. 

Another  departure  from  normal  conditions  was  the  fact  that  all  the 
test  objects  receiving  the  abundant  inoculations  of  the  virulent  pure 
cultures  were  sterile.  In  other  words,  not  only  were  cultures  of  the 
bacillus  used  that  were  accustomed  to  a saprophytic  existence,  but 
these  cultures  were  placed  upon  sterile  test  objects  and  protected 
against  contamination,  so  that  they  were  relieved  from  that  microbial 
symbiosis  which,  in  the  economy  of  nature,  plays  so  important  a part 
in  the  suppression  of  pathogenic  micro-organisms.  It  is  known  that  in 
organic  mixtures  the  hardier  saprophytes  tend  to  overpower  the 
bacillus  pestis.  This  even  occurs  to  a certain  extent  in  the  blood  and 
buboes  of  patients  sick  of  the  disease,  as  well  as  in  dead  organic  infu- 
sions. The  bacillus  pestis  is  not  known  to  have  synergists  among  the 
lower  forms  of  life.  But  that  such  exist  may  well  be  inferred  from 
analogy. 

Further,  different  races  of  the  plague  organism  have  different  pow- 
ers of  resistance  to  unfavorable  influences.  Some  races  of  plague  are 
hardier  than  others,  just  as  some  races  of  mankind  are  hardier  than 
others.  Batzerofi  states,  ‘‘There  undoubtedly  exist  varieties  that 
attenuate  very  quickly  and^die  outside  the  living  body  in  a relatively 


short  time.  There  are  other  varieties  that  retain  their  via})ility  under 
similar  conditions  a long-  time.'’  Bacteria  show  quite  as  strong  a 
tendency  to  ada[)tability  as  the  higher  animals.  They  may  become 
accustomed  to  influences  by  a gradual  survival  of  the  fittest  so  that 
they  finally  resist  conditions  that  would  be  fatal  to  the  parent  stock. 

All  these  fax'ts  must  be  borne  in  mind  in  drawing  conclusions  from 
laboratory  experiments. 


PLAGUE  AND  FOOD. 

Our  experiments  show  that  food  products  mav  harbor  the  infective 
principle  of  plague,  but  according  to  experience  food  products  are  not 
much  to  be  feared  as  far  as  their  probabilit}^  of  carrying  the  infection 
is  concerned.  This  latter  statement  does  not  apply  to  milk  and  its 
products,  for  milk  is  a good  culture  medium  for  the  bacillus  pestis; 
and  we  kept  it  alive  seventeen  days  in  cheese  and  seventy-two  days  in 
butter. 

On  the  surface  of  food  products  it  usually  died  very  quickly.  It 
did  not  live  twenty-four  hours  on  orange  peel.  We  had  similar  results 
with  figs  and  raisins  and  a large  quantity  of  Chinese  food  products, 
such  as  smoked  and  dried  ducks,  dried  oysters,  dried  cuttle  fish,  dried 
ducks'  gizzards,  ducks'  gizzards  dried  and  placed  in  oil,  smoked  and 
dried  pork,  and  duck  eggs  preserved  in  a mixture  of  mud  and  rice 
chaff,  all  of  which  were  infected  with  the  bacillus  pestis  and  kept  at 
37^  C. 

In  rice  we  found  it  alive  eighteen  days  after  inoculating. 

These  results  correspond  with  all  our  other  experiments,  which  plainly 
prove  that  the  bacillus  can  not  live  long  on  the  surface  of  objects,  when 
dry,  at  temperatures  al)ove  30°  C.  Those  results  are  also  in  accordance 
with  the  clinical  and  pathological  facts,  for  cases  of  plague  that  have 
their  origin  in  the  alimentary  tract  are  comparative!}’  rare,  and  the 
spread  of  the  disease  has  not,  as  far  as  I am  aware,  ever  been  clearly 
attributed  to  food  products. 

Ilow’ever,  tonsillar  and  intestinal  forms  of  the  disease  have  been 
recorded,  and  these  cases  may  be  due  to  the  fact  that  the  bacillus  can 
live  in  milk,  butter,  and  cheese,  and  similar  moist  albuminous  media, 
as  well  as  in  water  {vidt'  infra)  a long  time. 

ei.AGUE  AND  WATEK. 

Plague  is  certainlv  not  a water-borne  disease,  although  wi'  tind  that 
the  plague  bacillus  can  live  a long  time  when  abundantly  inoculated 
into  water  containing  a trace  of  organic  matter.  In  on(‘  case  we  kept 
it  alive  one  hundred  and  sixteen  djiys,  and  in  another  nim'ty-six  days, 
in  water  preserved  at  low  temperatures,  17  to  li*  C.  Puder  the sanu' 
(‘onditions  the  organism  liv(‘d  onlv  six  da  vs  at  37"^  C. 
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In  these  experiments  the  water  was  sterile  and  abundantly  inocu- 
lated with  a vigorous  culture  and  carefully  preserved  from  contami- 
nation in  the  dark.  In  nature  the  water  certainly  would  not  be  sterile, 
the  effect  of  sunlight  and  dilution  would  play  an  active  part  to  diminish 
its  vitality  and  infective  power. 

THE  EFFECT  OF  TEMPERATURE. 

The  effect  of  temperature  upon  the  bacillus  pestis  is  very  remarkable. 
That  it  is  very  sensitive  to  slight  changes  is  well  shown  in  Table  A. 
In  fact,  temperature  seems  to  be  the  most  important  factor  in  the 
viability  of  the  organism.  It  may  be  kept  alive  and  virulent  a veiy 
long  time  in  the  cold,  even  though  dry,  but  it  can  not  live  long  when 
dry  at  the  temperature  of  the  body.  High  temperatures,  such  as  70° 
C.  or  more,  are  invariably  fatal  in  a few  minutes.  All  the  published 
experiments  agree  upon  the  inffuence  of  temperature  upon  this  microbe. 
It  was  this  that  led  some  of  the  early  workers  to  concludethat  the v were 
dealing  with  a frail  organism.  It  is  frail  when  dried  at  37°  C..  but 
may  live  for  months  in  the  cold.  We  have  never  been  able  to  keep  it 
alive  more  than  a few  davs  when  drv  at  37°  C. — three  davs  in  ffannel, 
two  days  in  sponge.  On  the  contrary  we  had  little  difficulty  in  keep- 
ing it  alive  on  a variety  of  objects  three  and  four  months  at  17°  to  19°  C. 

The  bacillus  is  not  as  sensitive  to  temperature  when  kept  moist,  for 
under  such  conditions  it  will  live  a very  long  time  in  albuminous  media 
at  37°  C. 

PLAGUE  AND  COLD  WEATHER. 

From  the  experimental  studies  with  the  plague  bacillus  we  would 
infer  that  the  endemic  foci  of  plague  should  be  in  cold  climates.  The 
organism  dies  so  rapidly  when  dried  at  temperatures  above  30°  C.  that 
we  would  not  expect  the  disease  to  be  very  tenacious  in  the  Tropics. 
This  supposition  is  only  partially  borne  out  by  the  facts.  A certain 
number  of  the  endemic  foci  of  plague  are  in  a very  rigorous  climate. 
Such  in  particular  are  the  regions  of  the  Garwhal  and  of  Kumaon,^ 
where  the  disease  came  from  the  snow-capped  Himalayas.  In  the 
Transbalkan  districts  the  average  temperature  in  winter  is  — 20°  C. 
In  Mongolia  the  climatic  conditions  are  similar.  At  Vetlianka  during 
the  epidemic  of  plague  in  1878-79  the  temperature  was  —12°  C. 

PLAGUE  IN  THE  TROPICS. 

Netter  states  in  his  ‘‘La  Peste  et  son  Microbe”  that  the  disease  has 
never  invaded  the  regions  where  the  temperature  is  tropical,  and  he 
notes  its  disappearance  in  Egypt  with  the  summer.  This  statement 
would  be  a confirmation  of  the  fact  that  the  organism  does  not  as  a rule 
live  outside  of  the  body  very  long  at  temperatures  of  37°  C.  and  over. 


- Xetter,  “ La  Peste  et  son  Microbe.” 


9 


But  there  are  other  ways  of  spreadino-  the  disease  that  must  })e  taken 
into  account,  such  as  the  direct  contagiousness  of  the  pneumonic  form 
of  the  disease  through  the  coughing,  etc.,  of  the  plague-laden  s])utum; 
also  by  the  means  of  fleas  and  rats.  This  may  account  for  the  exist- 
ence and  spread  of  the  disease  in  such  hot  countries  as  the  Bombay 
Presidency,  Manila,  the  Island  of  Mauritius,  Kio  de  Janeii*o,  and 
Santos,  all  of  which  are  in  the  Tropics  and  sutler  with  tropical  heat. 

THE  EFFECT  OF  MOISTURE. 

^loisture  is  a definite  factor  in  the  viability  of  the  bacillus  pestis. 
The  organism  must  have  moisture  to  grow,  and  it  may  remain  alive  and 
virulent  a very  long  time  in  the  presence  of  moisture. 

It  usually  dies  quicklv  when  dry.  However,  this  is  not  invariably 
the  case.  We  have  been  able  to  keep  it  alive  in  media  such  as  dried 
albumin  for  one  hundred  and  twenW-tive  days,  when  it  was  still 
virulent  for  mice.  But  to  be  kept  alive  when  dry  the  organism  must 
be  cold,  i.  e.,  exposed  to  a temperature  less  than  20°  C. 

In  no  instance  could  the  organism  be  kept  alive  when  dry  at  a 
temperature  of  37°  C.  for  more  than  a few  da3^s. 

EFFECT  OF  SUNLIGHT. 

Our  experiments  confirm  those  of  other  workers  in  this  field,  who 
find  that  for  the  most  part  the  bacillus  pestis  soon  dies  when  exposed 
to  bright  sunlight.  Our  work  leads  us  to  the  conclusion  that  the  heat 
as  well  as  the  sunlight  plays  an  important  role;  also  that  the  effects  of 
the  sunlight  do  not  penetrate  veiy  deepl^L  It  is  therefore  safe  to 
sav  that  objects  may  be  eflicienth'  disinfected  on  the  surface  hy  expos- 
ing them  all  da}"  to  a bright  sun,  provided  the  temperature  in  the  sun 
is  above  3U°  C. 

PLAGUE  IN  THE  SOIL. 

The  plague  bacillus  was  kept  alive  a long  time  in  moist  garden  earth, 
especially  when  kept  cool.  It  dies  very  quickly  in  dry  earth.  We 
were  not  able  to  keep  it  alive  longer  than  twenty-four  hours  at  any  tem- 
l)erature  in  dry  earth. 

As  moist  earth  will  preserve  the  life  of  the  bacillus  it  is  easy  to 
understand  how  the  infection  may  live  in  dirty  dwellings.  It  re(juires 
no  stretch  of  the  imagination  to  understand  how  the  infection  mav  be 
conveved  bv  the  dirt  and  dust  of  moist,  sunless  habitations. 

PLAGUE  ON  NEW  MERCHANDISE. 

We  have  not  succeeded  in  keeping  plague  alive  very  long  when 
dried  upon  the  surface  of  objects;  even  on  })lush,  carped.  pa])er,  wood, 
sawdust,  bone,  etc.,  it  usually  dic's  within  a b'w  days.  In  porous  sub- 
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stances  such  as  sponge  we  found  it  alive  after  one  hundred  and  twenty- 
five  days,  when  allowed  to  dry,  at  19°  C.  Here  again  temperature 
pla3^s  an  important  role,  for  at  37°  C.,  all  the  other  conditions  being  the 
same,  it  lived  only  two  days. 

It  is  therefore  veiy  unlikel}^  that  new  merchandise  would  be  so 
contaminated  as  to  carry  the  infection  of  the  disease,  especially  in  hot 
weather. 

PLAGUE  IN  CLOTHING  AND  BEDDING. 

The  bacillus  of  plague  lives  long  in  albuminous  matter.  Clothing 
and  bedding  are  especially  apt  to  be  contaminated  with  the  discharges 
from  buboes  and  blisters,  sputum,  etc.  Articles  so  infected  and  kept 
in  a cool,  moist  place  could  retain  the  active  infective  principle  a 
very  long  time.  Our  work  shows  plainly  that  clothing  and  bedding 
may  harbor  the  bacillus  of  plague  for  months.  In  one  instance  we 
kept  it  alive  on  a piece  of  crash  ninety-seven  days;  in  albumin  gela- 
tin balls  one  hundred  and  twenty-live  days;  in  sponge,  also,  one  hun- 
dred and  twenty-live  days;  in  wool  lifty-two  days. 

PLAGUE  IN  THE  MAIL. 

According  to  our  results  the  plague  bacillus  can  not  live  long  in  let- 
ter mail.  In  seven  tests  made  with  cultures  of  the  organism  on  paper 
we  found  that  it  usually  died  within  twenty-four  hours.  At  most  it 
kept  alive  eight  days  on  paper  allowed  to  dry,  and  fourteen  da}^s  on 
paper  kept  in  a moist  atmosphere.  To  live  this  long  it  must  be  kept 
cool,  for,  just  as  in  all  our  other  experiments,  it  died  very  quickly 
when  dried  at  the  body  temperature.  We  had  similar  experiences 
with  plague  blood  upon  paper.  Letter  mail  is  therefore  not  apt  to 
carry  the  infection  of  plague  a long  time,  especially  in  warm  weather. 

VIABILITY  AND  VIKULENCE. 

The  bacillus  pestis  often  loses  its  virulence  before  it  dies.  In  many 
of  our  experiments  we  found  that  the  time  came  when  the  organism 
grew  in  bouillon,  but  lost  its  pathogenity  for  animals.  This  is  an 
important  fact  from  an  epidemiologic  standpoint,  for  an  attenuated 
plague  bacillus  is  probably  harmless  to  man,  even  though  its  virulence 
can  be  increased  by  artificial  means  in  the  laboratory. 

GASEOUS  DISINFECTANTS  FOR  THE  PLAGUE  BACILLUS. 

The  experiments  conducted  in  this  laboratory  plainly  prove  that 
either  sulphur  dioxide,  when  moist,  or  formaldehyde  will  kill  the 
bacillus  pestis  when  applied  in  the  strength  and  methods  usually 
employed  for  these  gases  as  disinfecting  agents.  In  order  to  be  effect- 
ive there  must  be  direct  contact  between  the  gas  and  the  germ.  In 
other  words,  these  gaseous  clisinfectants  can  onH  be  depended  upon  as 
surface  disinfectants. 
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In  Laboratory  Bulletin  No.  8.  on  ‘‘Sulphur  dioxide  as  a germicidal 
agent,'*  Geddi ngs  found  that  4.25  }>er  cent  of  that  gas  for  twenty-four 
hours’  time  invariabU^  kills  the  bacillus  pestis  on  the  surface. 

M}'  own  work  with  formaldehyde  (soon  to  be  published)  shows  that 
the  plague  organism  is  as  susceptible  to  this  germicidal  agent  as  other 
non-sporebearing  organisms.  Aiyv  of  the  standard  methods  for 
evolving  the  free  formaldehyde  gas  are  applicable. 

As  far  as  practical  disinfection  for  plague  is  concerned,  it  may  be 
mentioned  here  that  sulphur  dioxide  is  probably  a much  more  useful 
agent  for  use  in  ships,  stores,  houses,  and  dwellings  infested  with 
vermin,  because  it  is  destructive  to  the  higher  forms  of  animal  life, 
whereas  formaldehyde  fails  to  kill  mammals  and  insects  with  the 
same  certainty  that  it  kills  microbes.  In  combating  plague  it  is  very 
important  to  kill  the  fleas,  rats,  mice,  and  other  forms  of  animal  life 
capable  of  carrying  the  infection.  Sulphur  has  this  j)ower,  which 
formaldehyde  totally  lacks. 

CHEMICAL  DISINFECTANTS  FOR  THE  PLAGUE  BACILLUS. 

The  bacillus  of  plague  shows  no  special  peculiarity  in  its  relation  to 
chemical  disinfectants  in  solution.  We  have  found  the  following  ordi- 
nary disinfectants  to  have  very  marked  aseptic  powers. 

ASolutiom  u'hicJi  prevent  the  growth  of  the  baeilhifi  pestis. 

Bichloride  of  mercury  and  hydrocloric  acid 

Bichloride  of  mercury 

Formalin i 

Carbolic  acid  (pure ) 

The  following  tablo  gives  the  results  of  the  German  plague  commis- 
sion upon  the  power  of  disinfecting  agents  in  relation  to  the  bacillus 
pestis : 


1 to  50,  000 
1 to  25,  000 
1 to  25,  0(X1 
1 to  830 


Agent. 


Xiunber  of  miiiute.s  nec- 
essary. 


Carbolic  acid: 

5 per  cent  

1 per  cent  

Lysol : 

2.5  percent 

1 per  cent 

Sublimate,  1 to  1,000  

Chloride  of  lime,  I to  1,000  

(iui/>klime 

Milk  of  lime  mixed  with  equal  ipmntity  of  .sail 
Black  soap: 

1 per  cent  * 

3 per  cent 

Sulphuric  acid,  1 to  2,000 

Hydrochloric  acid,  1 to  1,000 .1 


1 

10 

1 

5 

Immediate  destruction. 

If. 

30 

tX) 


More  than  an  hour. 

:in  minutes. 

5 

30 


1‘2 


ther:vial  death  point. 

AVe  had  abundant  opportunity  in  our  work  in  making  Hatfkine  pro- 
phylactic in  demonstrating-  that  a temperature  of  70^  is  invariably  fatal 
in  a short  time. 

The  following’  table  shows  the  maximum  number  of  davs  we  have 
kept  the  organism  alive  on  the  objects  used  in  these  experiments,  and 
the  temperatures  under  which  the  experiments  were  conducted.  The 
table  shows  at  a glance  how  frail  an  organism  the  bacillus  pestis  is  at 
the  body  temperature.  At  22^  to  29°  C.  it  shows  much  more  resistance. 
At  17°  to  19°  C.  it  lives  a verv  long  time,  even  when  drv. 


TABLE  A. 

^[aximum  number  of  days  the  jdagne  hacillus  Jived  on  the  various  ohjerts  at  different 

temperatures. 


Temperature. 

37°  C. 

22°  to  29°  C. 

17°  to  19°  C. 

Days. 

Days. 

Days. 

Gelatin  culture  in  albiunin-gelatin  balls 

75 

112 

Agar  suspension  in — 

Tap  water 

6 

71 

116 

Water 

6 

71 

96 

Bouillon  culture  on — 

Paper,  drv 

0 

3 

8 

Paper,  moist 

8 

14 

Wood 

0 

0 

0 

Sawdust 

0 

0 

2 

Wool 

52 

Flannel 

3 

3 

3 

Sponge,  drv 

2 

97 

125 

Garden  earth,  drv 

1 

1 

1 

Garden  earth,  moist 

14 

84 

93 

Bone 

1 

6 

17 

Agar  suspension  on  bone  dust — 

Drv 

1 

6 

Moist 

125 

lOS 

125 

Bouillon  culture  on  crash 

0 

■ s 

97 

Cultures  on  carpet  and  plush 

0 

0 

0 

Milk  inoculated  udth  plague 

49 

68 

32 

Bouillon  culture  in — 

Cheese 

17 

17 

13 

Butter 

5 

55 

-72 

Cultures  on  fig-s  and  raisins 

0 

0 

0 

Bouillon  culture  on — 

Salt  beef _■ 

3 

Orange  peel 

0 

Eice 

0 

3 

18 

Large  varietv  of  Chinese  food  products 

• 3 

Spleen  of  plague  rabbit 

45 

1 

65 

Plague  blood  on — 

Filter  paper 

0 

6 

Crash 

0 

4I 

1 

Sponge 

0 

j 

9 

Wood r. 

0 

6 

13 


No.  1. — Plaoue  CuLTiKEs  IX  Albumin'-Gelatix  Balls, 

A gelatin  culture  of  plague  was  mixed  up  with  al)out  an  ecpial  (pian- 
tity  of  egg  albumin  and  the  mixture  soaked  on  little  balls  of  sterilized 
absorbent  cotton  about  the  size  of  a pea.  These  balls  soon  dried  out 
and  shrunk  to  hard,  dry,  flaky  scales. 

One-half  was  exposed  in  a Petri  dish  in  the 'cool  chamber  at  17^  to 
19^  C.,  and  the  other  half  in  a dark  room  at  20°  to  29°  C.  From  time 
to  time  one  of  the  dried  balls  was  taken  out  and  planted  into  bouillon. 
In  case  a growth  appeared  it  was  tested  on  media  and  animals. 


Plague  cultures  on  gelatin-albumin  balls. 


Time.  * 

60  days 

75  days 

112  days 

Material  e.xpended 


Cold  chamber,  17°  to  19°  C. 


Dark  room,  22°  to  29°  C. 


Growth 

Virulent  for  mice  in  3 and  4 days  , 

Growth 

Virulent  for  mouse  in  5 days 

Growth 

Virulent  for  white  rat  in  3 days. . 
Virulent  for  mouse  in  3 days 


Growth. 

Virulent  for  mice  in  4 and  iS  days. 
Delayed  growth. 

Virulent  for  mouse  in  2 days. 

No  growth. 


No.  2, — Plague  Culture  ox  Albumin  B.alls. 


Little  lialls  of  sterilized  absorbent  cotton,  about  the  size  of  a pea, 
were  saturated  with  a d-days-old  culture  of  plague  mixed  with  some 
egg  albumin,  as  in  No.  1,  but  omitting  the  gelatin. 


Cold  chamber, 
■ 17°  to  19°  C. 

Remarks. 

Dark  room, 
22°  to  29°  C. 

Remarks. 

18  days 

+ 

19  days 

+ 

1 

22  day.s 

+ 

22  lays 

42  days 

+ 

42  days 

+ 

.59  days 

+ 

59  days 

- 

68  days 

+ 

68  days 

- 

78  days 

— 

Contaminated. 

78  days 

- 

Contaminated. 

89  days 

— 

Note. — Throughout  this  paper  + means  growth  and  — no  growth. 

It  is  plain  from  these  two  series.  Nos.  1 and  2,  that  plague  will  live 
a long  time,  even  though  dry,  in  an  albuminous  medium.  In  the  one 
case  it  remained  alive  and  virulent  one  hundred  and  twelve  days,  when 
the  material  was  expended. 

The  influence  of  a few  degrees  of  tem})erature  upon  the  organism 
is  prettih’^  shown  in  these  two  series,  for  it  lived  thirty-seven  days 
longer  in  one  instance  and  twenty-six  days  longer  in  the  other, 
although  all  the  conditions  were  exactly  the  same,  excepting  a ditler- 
ence  of  10°  C.  in  the  temperature. 
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PLAGUE  CULTURE  IX  TAP  WATER. 

The  culture  was  taken  from  an  agar  slant  and  emulsilied  in  a little 
bouillon.  Four  drops  of  this  suspension  were  added  to  15  c.  c.  of 
sterile  tap  water  and  kept  under  the  conditions  as  stated  below.  From 
time  to  time  a small  quantity  of  the  infected  water  was  drawn  off  and 
planted  for  growth,  and  its  virulence  tested  upon  animals. 

Xo.  3. — Plague  Culture  ix  Tap  AVater.  17°  to  19  C. 


Time.  Result.  Remarks. 


j 1 day + 

6 days + 

11  days — Delayed  growth. 

17  days — Small  amouat  of  water  used. 

20  days — 2 c.  c.  used. 

2-5  days — Killed  mouse  in  3 days. 

:>4  days — 

45  days — 

66  days — Killed  mouse  in  5 days. 

SO  days -r- 

96  days -f-  Failed  to  kill  mouse. 


116  days 

Material  expended, 


Xo.  -1. — Plague  Culture  ix  Tap  Water,  22°  to  29°  C. 


Time. 

Resttlt. 

Remarks. 

1 day 

6 days 

— 

11  days 

Delayed  growth. 
Contamination. 

16  days 

— 

20  days 

— 

Killed  mouse  in  24  h<)urs. 

25  days 

— 

44  days 

— 

•55  days 

— 

71  days 

— 

Killed  mouse  in  3 'days. 

96  days  

— 

i 

I 

107  days 

— 

1 

1 

Material  expended. 

! 

2s  o.  5, — Plague  Culture  ix*  Tap  Water,  37°  C. 

Time. 

Result. 

Remarks. 

1 day 

-1- 

6 days 

_i_ 

11  days 

— 

17  days 

— 

' 

20  days 

- 

2 c.  c.  of  the  water  inoculated  into  ■ 

bouillon. 


24  days 
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This  series  (Nos.  3,  4,  iuid  5)  of  plaj^ue  in  water  was  re])eated,  using 
distilled  instead  of  tap  'svater.  But,  as  the  suspensions  were  made  in 
bouillon,  and  four  drops  of  bouillon  were  added  to  each  test  tube  con- 
taining 15  c.  c.  of  water,  the  results  can  not  be  taken  as  showing  the 
longevity  of  the  bacillus  in  distilled  water. 

No,  6. — Plague  Culture  in  Water,  17°  to  19°  (’. 


Time. 

Result. 

Remarks. 

1 day 

+ 

6 days 

+ 

11  days 

+ 

Delayed  growth. 

17  days 

- 

Small  amount  of  water  used.  1 

20  days 

+ 

2 c.c.  u.sed  to  inoculate  into  bouillon. 

25  days 

+ 

Killed  mouse  in  5 days.  ^ 

34  days 

+ 

45  days 

+ 

j 66  days 

4- 

Killed  mouse  in  3 days. 

80  days 

+ 

96  days 

+ 

Failed  to  kill  mouse. 

116  days 

_ 

Contaminated. 

Material  expended. 



i 

No.  7. — Plague  Culture  in  Water,  22°  to  29°  C. 


Time.  Re.sult.  Remarks. 


1 flay , + 

t)  days  -f 

11  days ..:  - Contaminated. 

16  days — Do. 

20  days + 2 e.  c.  of  the  water  inoculated  into 

bouillon. 

25  days -i  Killed  a mouse  in  0 days. 

34  days + 

45  days + Failed  to  kill  mouse. 

71  days + 

96  days — 

107  <lays — 


Material  e.x pended. 


No,  S. — Plague  Culture  in  Water,  :17°  ('. 


' I 

Time.  Result.  Remarks. 


1 day + 

6 days + 

11  days — 

17  days - 

20  days — 
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These  results  plalnl}"  show  that  the  plague  bacillus  will  live  a long 
time  in  water  containing  a trace  of  albuminous  matter — there  were 
four  drops  of  bouillon  to  15  c.  c.  of  water. 

The  influence  of  temperature  is  very  marked  in  these  tests,  for  the  ' 
organism  lived  only  six  days  at  37°  C.,  whereas  it  lived  one  hundred 
and  sixteen  days  at  17°  to  19°  C.  It  will  also  be  noticed  that  it  lived 
longer  at  17°  to  19°  than  at  22°  to  29°  C.  That  is,  the  cooler  the 
temperature  the  better  does  the  organism  resist. 

It  is  of  special  importance  to  notice  that  the  bacillus  sometimes  lost 
its  virulence  in  water  before  it  lost  its  power  of  veg’etation. 

PLAGUE  ON  PAPER. 

I 

It  was  found  that  plague  will  not  live  very  long  on  paper,  even  when 
in  the  presence  of  moisture.  It  usually  died  out  in  a few  da^^s,  except-  | 
ing  when  kept  cool  at  17°  to  19°  C.,  at  which  temperature  it  remained 
alive  eight  and  fourteen  da}"s.  It  would  appear  from  these  experi-  , 
ments  that  letter  mail  is  not  apt  to  carry  the  infection,  especially  in 
hot  weather. 

Small  slips  of  white  filter  paper  were  inoculated  with  a three-day- 
old  bouillon  culture  of  the  bacillus  pestis  and  placed  in  a Petri  dish 
under  the  following  conditions: 


Xo.  9. — Bouillon  Cultuke  on  Papee,  37°  C.  ' 


Time. 

Result. 

Remarks. 

2 da vs 

4 davs 

- 

6 davs 

8 davs 

10  davs 

12  davs  

Contaminated  with  a sarcina. 

14  davs 

Xo.  10. — Bouillon  Cultuke  on  Paper,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

2 davs 



4 davs 

- 

Contaminated  with  a long  rod. 

6 days 

- 

8 davs 

— 

10  davs  

— 

12  davs 

— 

14  davs 

_ 

Xo,  11. — Bouillon  Culture  on  Filter  Paper,  17°  to  19°  C.  - 


Time. 

Result. 

Remarks. 

3 davs 

4- 

The  slips  are  dry.  Delayed  growth. 

8 davs 

+ 

14  davs 

Contaminated  with  a mould. 

2b  davs 
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No.  12, — Bouillon  Culture  on  Filter  Paper,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

3 da  vs 

+ 

Delayed  growth.  Pure  culture. 

8 davs 

— 

14  davs 

— 

2o  davs 

— 

35  davs 

— 

46  davs 

— 

In  the  three  following’  experiments  (Nos.  13,  14,  and  15)  a pledget 
of  cotton  soaked  wdth  sterile  water  was  kept  in  the  petri  dish  in  order 
to  see  the  effect  of  , a moist  atmosphere.  Despite  this  fact  the  slips 
dried  out  quickly,  but  the  organism  lived  a little  longer  than  when 
allowed  to  diy  without  the  cotton  pledget,  as  in  Nos.  9,  10, 11,  and  12. 


No.  13. — Bouillon  Culture  on  Filter  Paper,  17°  to  19°  C. 


Time. 

Result. 

Remarks.  ; 

3 davs 

+ 

Delayed  growth. 

8 davs 

-f 

The  slips  are  quite  dry,  despite  the 
cotton  pledget  soaked  with  water. 

14  davs 

-f- 

25  davs 

— 

35  davs 

— 

46  days 

— 

60  davs 

— 

No.  14. — Bouillon  Culture  on  Filter  Paper,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

2 davs 

Killed  mouse  iu  18  hours. 

4 davs 

— 

6 davs 

— 

8 davs 

10  davs 

12  days 

14  davs 

— 

No.  15. — Bouillon  Culture  on  Filter  Paper,  22°  to  29°  C. 


Time. 

Re.sult. 

Remarks. 

3 davs 

+ 

8 davs 

+ 

25  davs 

— 

:15  days 

- 

46  ilavs 

- 

60  davs 

_ 

■2 
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plagi:e  ox  wood. 

Plague  could  not  be  kept  alive  on  pine  wood,  as  the  following’  tests 
will  show. 

Little  splinters  of  white  pine  were  sterilized  b}’  heat  and  soaked  in 
a three-day-old  bouillon  culture  of  plague,  then  placed  in  petri  dishes 
and  exposed  under  the  following  conditions: 

Xo.  16. — Bouillon  Culture  on  Pine  Wood,  17°  to  19°  C. 


Time.  Result. 

Remarks. 

2 days — 

4 davs — 

6 davs — 

8 davs — 

10  davs — 

12  davs — 

14  davs — 

Xo.  1/. — Bouillon  Culture  on  Pine  Wood,  37°  C. 


Time. 

Result. 

Remarks. 

2 davs 

— 

4 davs 

— 

6 davs 

— 

8 davs 

— 

12  davs 

....  — 

14  davs 

— 

Xo.  18. — Bouillon  Culture  on  Pine  Wood,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

2 davs 



4 davs 

— 

6 davs 

— 

8 davs 

— 

10  davs 

— 

12  davs 

14  davs 

— 

PLAGUE  CULTURE  OX  SAWDUST. 

Sawdust  was  sterilized  and  saturated  with  a four-day-old  culture  of 
plague,  and  kept  in  a test  tube  stopped  with  cotton,  so  as  to  permit 
drying,  under  the  following  conditions: 

One  tube  in  the  incubator  at  37°  C. 

One  tube  in  the  cold  chamber  at  17°  to  19°  C. 

One  tube  in  a dark  room  at  22°  to  29°  C. 
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No.  19. SaW1)U.ST,  IX  THE  IxrrBATOK,  87°  (’. 


Time. 

■ 

Result. 

Remarks. 

‘J  days 

. 

10  dav-s 

— 

20  dav.s 

— 

31  da  vs 

— 

No.  20. — vSawdu.st,  in  the  Cold  Room,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

2 days 

10  days 

— 

20  days 

— 

30  days 

— 

No.  21. — S.VWDUST,  IX 

Dark  Room,  22°  to  29°  C. 

Time. 

Result. 

Remarks. 

2 days 



10  days 

— 

20  days 

— 

' 

These  results  on  sawdust  correspond  with  other  attempts  made  to 
keep  the  organism  alive  on  wood.  In  no  case  was  it  found  alive  on 
wood  after  a few  days. 

PLAGUE  CULTURE  ON  WOOL. 

Wool  was  inoculated  with  a culture  of  plaoTie  and  kept  in  a Petri 
di.sh  to  dry  out. 

The  following-  is  very  suggestive,  for  it  indicates  that  the  organism 
mav  remain  alive  a long  time  in  the  fur  of  animals: 

No.  22. — Plague  ox  Wool.. 


1 Time. 

Result. 

Remarks. 

1 days 

+ 

7 (lavs 

+ 

27  (lavs 

+ 

The  wcM)l  is  dry. 

■13  (lavs 

+ 

.‘>2  (lavs 

+ 

Contaminated. 

62  days 

- 

Do. 

73  days 

Do. 

93  days 

Do. 
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PLAGUE  CL'LTURE  ON  FLANNEL. 

Plague  does  not  live  long  on  flannel. 

Small  pieces  of  flannel  were  sterilized  and  saturated  with  a four- 
day-old  bouillon  culture  of  plague  and  left  to  dry  under  various 
temperatures. 

No.  23. — Plague  on  Flannel,  Daek  Room,  22°  to  29°  C. 


Time. 

Result. 

Remarks.  ^ 

.3  davs 

9 days 

— 

19  days 

- 

No.  24. — Plague  on  Flannel,  Cold  Chamber,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

: 

3 days 

_L 

8 days 

— 

19  days 

— 

• 

No.  25. — Plague  on  Flannel,  Incubator,  37°  C. 


Time. 

Result. 

Remarks. 

3 days 

J_ 

9 days 

— 

! 19  days 

1 

— 

PLAGUE  ON  SPONGE. 

Plague  was  kept  alive  a long  time  on  sponge,  in  one  instance  one 
hundred  and  twenty-five  days  at  17^  to  19^  C.  However,  it  lost  its 
virulence  for  mice  long  before  that  time.  In  one  instance  the  organ- 
ism  retained  both  its  vitalitv  and  its  virulence  eightv  davs. 
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Small  squares  of  sponge  were  sterilized  and  soaked  with  a three-day 
bouillon  culture  of  plague.  The\’  were  allowed  to  dry  undei-  the  usual 
conditions  in  a Petri  dish,  as  stated  in  the  following  tables: 


No.  26. — 1’lague  Ccltuke  ox  Spoxge,  17°  to  19°  C. 


Time. 

Result. 

I 

Remarks. 

2 days 

-t- 

4 days 

-t- 

f>  days  . . 

+ 

8 days 

12  days 

+ 

Contaminated. 

14  days 

-t- 

21  days 

+ 

31  days 

43  days 

-1- 

Failed  to  kill  a mouse:  pieces  of 
sponge  yery  dry. 

52  days 

63  days 

+ 

Failed  to  kill  a mouse. 

74  days 

+ 

88  days 

4- 

Failed  to  kill  a mouse. 

98  days 

-t- 

125  days 

+ 

134  days 

- 

144  days 

]So.  27. — Plague  Culture  ox  Spoxge,  22°  to  29°  C. 


Time. 

Result. 

Remarks.  • j 

2 days 

-1- 

1 

4 days  . 

+ 

i 

6 days 

+ 

1 

8 days 

4- 

Killed  mouse  in  9 days  of  plague. 

12  days 

-f 

14  days 

+ 

21  days 

-I- 

31  days 

+ 

43  days 

+ 

52  days .■ 

4- 

('ontaminated. 

63  days 

+ 

Failed  to  kill  mou.se. 

76  days 

— 

85  days 

_ 

95  days 

— 

No.  2S. — I’lague  Culture  ox  Spoxge,  87°  C. 


Time. 

Result. 

Remarks. 

2 days 

+ 

4 days 

— 

Contaminated. 

6 days 

- 

Do. 

8 days 

- 

Do. 

10  days 

- 

12  days 

- 

14  days 

- 

D(». 

21  <lays 

- 

Do 
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These  three  experiments,  as  well  as  the  following  ones  with  sponge, 
show  in  a vei\v  definite  manner  the  effect  of  temperature  on  the  hacillns 
pestis.  The  organism  lived  only  a few  days  in  the  incubator  at  the 
body  teni'perature,  while  it  survived  over  four  months  in  the  cold — ■ 
17°  to  19°  C. 

Another  series  of  infected  sponge  was  exposed  in  order  to  verify  the 
rather  remarkable  results  obtained  in  Nos.  26,  27,  and  28.  The  results 
obtained  were  about  the  same,  so  it  is  plain  that  when  well  protected 
in  a porous  material  like  sponge  the  plague  bacillus  may  live  and  retain 
its  virulence  a long  time,  even  when  dry. 

No.  29. — Bouillon  Culture  on  Sponge,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

3 days 

+ 

8 days 

+ 

14  days  

25  days 

The  pieces  of  sponge  are  dry. 

35  days 

- 

46  days 

-L 

60  days 

1 

"T" 

70  days 

1 

T 

80  days 

“T 

0.5  c.  c.  of  a bouillon  culture  killed 
mouse  in  2 days. 

1 

97  days 

— 

106  days 

- 

1 

) 

116  days 

— 

: 

No.  30. — Bouillon  Culture  on  Sponge,  22°  to  29°  C. 


Time. 

I 

Result.  Remarks.  i 

^ i ! 

3 days 

-1-  ! 1 

8 days 

' ! 

14  days 

— ■ + 

25  days 

+ Killed  a mouse  in  4 days. 

35  days 

1 + 

46  days  

! — Contaminated. 

60  daj’s 

-i-  I Failed  to  kill  a mouse.  j 

70  days 

+ I j 

80  days 

+ i 

97  days 

-.-.1  -f  ! 

106  days 

- 1 

116  days 

i 

Another  series  of  experiments  with  sponge  was  tried  to  determine 
the  effects  of  moisture.  A pledget  of  absorbent  cotton  saturated  with 
water  was  kept  in  the  Petri  dish  along  with  the  test  objects.  It  was 
found  difficult  to  prevent  contamination  in  the  presence  of  moisture, 
and  also  difficult  to  keep  the  objects  moist  so  long  a time. 
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Xo.  31. — BoriLLox  ('rLTi’RE  ox  SpoxoE,  17°  ro  19°  (’. 


Time. 

1 

Result.  Remarks. 

3 da  vs 

+ ; 

.S  days 

+ Contaminated  with  a mould. 

14  davs 

-U 

25  days 

4- 

35  davs 

4- 

4(J  davs 

-i-  Do. 

W)  davs 

- 

70  davs 

- The  pieees  of  sponge  are  dry. 

80  davs 

Mould  eoutami nation. 

97  davs 

Do. 

106  davs 

_ I 

116  days 

— 

Xo.  32. — Bouillox  Celture  ox  Spox(iE,  22°  to  29°  C. 


f 

I 

( 


PI.AGUE  OX  GAKDEX  EARTH  (ALLOWED  TO  DRV). 

Giirden  oarth  was  sterilized  by  heat  and  well  mixed  with  a vouno- 
])Ouillon  culture  of  plaj^ue.  This  mixture  was  kept  in  a small  bottle, 
loo.sely  stoppennl  with  a plug-  of  cotton,  in  order  to  allow  the  earth 
to  dry. 

Three  bottles  so  prepai’ed  were  exposed  under  ditferent  conditions 
of  temperature. 

The  organism  did  not  live  long  under  these  conditions. 

Xo.  33. — Bouillox  Culture  ox  Dry  (t.\ri)ex  Earth,  17°  to  19°  C. 


Time.  Result.  Remarks. 


days + 

« days + 

14  days — 

‘2n  days — 

35  days — The  sponge  is  still  moist. 

4(j  days — 

tiO  days — 


Time. 

Result. 

Remarks. 

1 dav 

+ 

11  <lavs 

- 

17  davs 

— 

25  davs 

— 

Still  moist. 
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No.  34, — Bouillon  Culture  on  Dry  Garden  Earth,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

1 day 

+ 

6 days 

- 

11  days 

- 

17  days 

- 

25  days 

— 

No.  35. — Bouillon  Culture  on  Dry  Garden  Earth,  37°  C. 


Time. 

Result. 

Remarks. 

1 day 

+ 

4 days 

- 

The  garden  earth  is  dry. 

6 days 

- 

11  days 

- 

17  days 

- 

25  days 

— 

PLAGUE  ON  GARDEN  EARTH  (KEPT  MOIST). 

The  garden  earth  was  sterilized  and  mixed  with  a bouillon  culture 
of  plague  as  in  the  preceding  three  experiments,  the  only  difference 
being  that  the  bottles  were  tightl}^  closed  with  a cork  stopper  in  order 
to  keep  the  earth  moist. 

The  bacillus  lived  a much  longer  time  under  these  conditions,  as  was 
to  be  expected. 

The  influence  of  temperature  is  well  shown  here,  for  at  37°  C.  the 
bacillus  died  after  fourteen  days,  while  at  cooler  temperature>s  it  lived 
eighty-four  and  ninety -three  days,  all  the  other  conditions  being  pre- 
cisely similar. 

No.  36. — Plague  Culture  on  Moist  Garden  Earth,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

2 days 

+ 

11  days 

+ 

22  days 

+ 

32  days 

+ 

46  days 

+ 

56  days 

1- 

Failed  to  kill  a mouse. 

83  days 

+ 

Contaminated. 

93  days 

+ 

Do. 

102  days 

Contaminated;  still  moist. 

113  days 

— 

Contaminated;  dry. 
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No.  37. — Plague  Culture  on  Moist  Garden  P'arth,  22°  to  29°  ('. 


Time. 

Result. 

RemarkN. 

2 (lavs 

+ 

11  (lavs 

+ 

22  days 

+ 

Si)  da  vs 

O- 

47  days 

+ 

67  days 

+ 

84  days 

+ 

93  days 

— 

Still  moist. 

103  da  vs 

— 

No.  38. — Plague  Culture  on  Moist  Garden  Earth,  37°  C. 


Time. 

Result. 

Remarks. 

5 days 

+ 

14  days 

+ 

25  days 

— 

36  days 

— 

50  days 

— 

60  days 

— 

Still  moist. 

1 PLAGUE  CULTURE  ON  BONE. 

Plague  will  not  live  long  on  a piece  of  dry  bone,  for  a bouillon  cul- 
ture saturated  on  small  porous  bits  soon  died  out. 

An  old  dried  femur  of  an  ox  was  broken  into  bits  and  sterilized  by 
heat,  then  saturated  with  a three-day  bouillon  culture  and  exposed  in 
the  usual  manner  in  a Petri  dish,  under  ditferent  temperature  conditions. 


• ' No.  39. — Bouillon  Culture  on  Bone,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

1 day 

+ 

6 days 

11  days 

— 

17  days 

+ 

Delayed  growth;  failed  tokill  mouse. 

25  days 

— 

34  days 

— 

45  days 

— 

No.  40. — Bouillon  Culture  on  Bone,  22°  to  29° 


Time. 

i 

1 

Result.  1 Remarks. 

1 

1 day 

I- 

6 days 

f-  Roue  is  dry. 

11  days 

- 

17  days 

- 

25  days 

— 
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No.  41. — Bouillon  Cultuee  on  Bone,  37°  C. 


Time. 

1 

Result. 

Remarks.  1 

1 

1 dav 

i 

6 days 

— 

The  pieces  of  bone  are  dry. 

11  (lavs 

— 

Contaminated  with  a mould. 

17  days 

— 

Do. 

AGAR  SUSPE^SIOX  OX  BOXE  DUST. 

The  organism  died  veiy  quickly  when  the  infected  bone  dust  was 
permitted  to  dry,  in  no  case  living  more  than  six  days.  In  marked 
contrast,  it  lived  a very  long  time  on  the  same  bone  dust  when  kept 
moist. 

The  bone  dust  came  from  the  cargo  of  a vessel  from  Bombav.  It 
was  sterilized  by  heat  and  then  saturated  with  an  agar-agar  suspension 
of  plague  in  water  and  thoroughly  mixed.  The  mixture  was  placed 
in  small  bottles  and  in  the  following  three  experiments  loosely  stop- 
pered with  cotton  so  as  to  permit  drying.  « 


No.  42. — Bouillon  Cultuee  on  Dey  Bone  Dust,  22°  to  29°  C. 


Time. 

Result.  Remarks. 

1 day 

— Loosely  stoppered  so  as  to  dry. . 

4 days 

-r  Killed  mouse  in  3 days. 

6 days 

— 

1 11  days  

— 

17  days 

— 

25  days 

— 1 
1 

No.  43. — Bouillon  Cultuee  on  Dev  Bone  Dust,  17°  to  19°  C. 


Time.  Result.  Remarks. 


1 (lay -r  Loosely  stoppered  so  as  to  dry. 

■1  days -f  The  bone  dust  is  dry. 

6 days Killed  mouse  of  plague  in  18  hours.  | 

11  days — 

17  days — 

25  days — 


No.  44. — Bouillon  Culture  on  Dry  Bone  Du.st,  37°  C. 


Time.  Result.  Remarks. 


1 day  -r  Loosely  stoppered  .so  as  to  dry. 

4 days — The  bone  dust  is  dry. 

6 days — 

11  days ; — 

17  days ' ^ — Contaminated  with  a mold. 

25  days ' — 
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In  the  followino*  three  experiments  the  })ottles  were  tio-htly  corked, 
so  as  to  keep  the  infected  bone  dust  moist.  All  the  other  conditions 
were  the  same  as  the  three  preceding  experiments  (Nos.  42,  43,  and  44). 

It  is  remarkable  that  the  plague  bacillus  lived  so  long  u time  in 
watery  suspension  on  this  material — one  hundred  and  twenty-tive  days. 
It  is  especially  to  be  noted  how  long  the  organism  lived  at  37^'  C.,  a 
temperature  which  in  this  work  has  almost  universally  i)rov(‘d  fatal 
foi’  the  organism,  even  when  kept  moist  on  various  objects. 

No.  4o. — Agar  Scspensiox  ox  Moist  Hoxk  Dost,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

1 (lav 

+ 

Kept  moist. 

:l  (lavs 

+ 

5 days 

+ 

7 (lavs 

+ 

13  days 

20  days 

+ 

30  days 

+ 

43  days 

+ 

Contaminated  with  a long  rod. 

')2  days 

+ 

03  days ; 

+ 

74  days 

+ 

8H  days 

+ 

9H  days 

+ 

Failed  to  kill  a mouse. 

108  days 

+ 

Almost  dry. 

125  days 

+ 

Dry. 

134  days  . . 

144  days  

, 

ConUiminated. 

No.  4(). — Agar  Suspension  o.n  Moist  Bone  Dust,  22°  to  29°  0. 


Time. 

Result. 

Remarks. 

1 day 

+ 

Kept  moist. 

3 days 

5 days 

+ 

7 day.s 

+ 

14  days 

4- 

31  days 

+ 

43  days 

+ 

Failed  to  kill  a mouse. 

52  day. s 

+ 

Do. 

03  day.s 

+ 

Mould  eontamination. 

76  days 

+ 

88  days 

+ 

The  bone  dust  is  still  moist. 

108  days 

+ 

The  hone  <lust  is  now  dry. 

125  days 

— 
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No.  47. — Agar  Suspension  on  Moist  Bone  Dust,  37°  C. 


Time. 

Result. 

Remarks. 

1 dav 

-1- 

Kept  moist. 

3 da vs 

+ 

5 davs 

-f- 

7 davs 

+ 

14  days 

+ 

21  davs 

“T 

31  davs 

~r 

43  davs 

+ 

Killed  a mouse  in  8 days. 

52  davs 

+ 

Contaminated  with  a mold. 

63  davs 

+ 

Failed  to  kill  a mouse. 

74  davs 

+ 

88  davs 

+ 

98  davs 

+ 

The  bone  dust  is  still  moist. 

109  davs 

+ 

The  bone  dust  is  drying  out. 

125  days 

“T 

The  bone  dust  is  dry. 

131  days 

— 

Contaminated. 

141  davs 

PLAGUE  ON  CRASH. 

As  a rule,  plague  dies  veiy  quickly  on  crash,  which  would  indicate 
that  fabrics  are  not  veiy  apt  to  cany  the  infection. 

Usually  it  died  in  a few  days,  although  in  one  instance  it  was  found 
to  be  alive  on  a piece  of  crash  ninet3"-seven  da}"s  from  the  time  it  was 
inoculated.  This  plainly  shows  that  there  are  factors  in  the  viabiliU 
of  this  organism  that  are  but  imperfectl}"  understood  which  occasion- 
alh"  preserve  its  vitalit^L 

The  small  squares  of  crash  were  sterilized  and  saturated  with  a three- 
day  broth  culture  of  plague  and  allowed  to  diy  in  Petri  dishes. 


No.  48. — Bouillon  Culture  on  Crash,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

2 davs 



4 days 

- 

6 days 

— 

8 days 

- 

10  davs 

— 

12  days 

— 

14  days 

— 

No.  49. — Bouillon  Culture  on  Crash,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

2 davs 

4 davs 

6 davs 

8 davs 

10  davs 

12  davs 

14  davs 

- 
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No.  50. — Bouillon  Culture  on  Crash,  37°  C. 


Time.  Result. 

Remarks.  1 

2 da  vs — 

4 days - 

6 davs — 

8 davn — 

10  davs — 

12  davs — 

14  davs — 

No.  51. — Bouillon  Culture  on  Crash,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

3 davs 

+ 

8 davs 

4- 

14  davs 

— 

Contaminated. 

2.5  davs 

- 

3b  days - 

— 

46  davs 

— 

60  days 

— 

The  crash  is  still  moist. 

No.  52. — Bouillon  Culture  on  Crash,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

3 davs 

5 days 

8 days 

- 

14  davs 

— 

No.  53. — Bouillon  Culture  on  Crash,  17°  to  19°  C. 


Time. 

1 Result. 

Remarks. 

3 days 

+ 

• 8 days 

+ 

14  days 

+ 

Mould  contamination. 

25  davs 

— 

Do. 

1 35  days 

1 

— 

Mould  contamination.  The  crash 
still  moist. 

i 46  davs 

— 

60  davs 
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No.  54. — Bouillon  Cultuke  on  Cka}?h,  17°  to  19°  C. 


Time. 

Result.  Remarks. 

3 davs 

— Permitted  to  drv  in  Petri  dish. 

8 davs 

_L 

14  davs 

4- 

25  davs 

-r  Mould  contamination. 

35  davs 

4-  * Failed  to  kill  mouse.  ' 

46  davs 

4-  ■ 

60  davs 

4- 

70  davs 

1 

. . . - , T 

80  davs 

4-  Contaminated. 

97  davs 

"T 

106  davs 

....  - Do. 

116  davs 

....  - Do. 

i 

4 

■ 

■ 

PLAGUE  OX  CAEPET  AXD  PLUSH.  ! 

j 

Plague  could  not  be  made  to  live  on  carpet  and  plush.  Many  sam-  j 
pies  of  carpet  and  plush  were  sterilized  and  inoculated  with  plague,  but  | 
from  none  was  the  organism  recovered.  It  is  possible  that  the  dye-  | 
stutf  has  something  to  do  with  this  result,  for  all  the  samples  used  had 
soluble  dyes.  Plague  could  be  grown  in  the  solution  of  the  dyes,  so 
that  the  dyes  did  not  possess  the  power  of  preventing  growth.  It  is 
not  evident  why  plague  should  not  live  in  carpet  and  plush  as  well  as 
it  does  on  crash  and  paper,  and  the  results  emphasize  the  fact  that 
there  are  factors  that  influence  the  viability  of  the  germ  that  are  not 
well  understood. 

PLAGUE  IX  MILK. 

According  to  all  reported  works  upon  the  subject,  and  the  three 
tests  that  follow,  milk  is  a good  medium  for  plague. 

Three  test  tubes  of  milk  were  sterilized  and  inoculated  with  a two- 
day-old  agar  culture  of  plague,  one  loop  of  culture  used  for  each  tube. 

The  three  tubes  were  incubated  at  37^  C.  for  one  day,  then  placed 
under  difi'erent  conditions: 

One  left  in  the  incubator  at  37^  C.  . i 

One  left  in  the  cold  chamber  at  17^  to  19^  C. 

One  left  in  a dark  room  at  '22^  to  29^  C. 

From  time  to  time  small  quantities  of  the  milk  were  transferred  to 
bouillon  for  growth.  The  milk  was  contaminated,  which  contamination 
made  the  identification  of  the  plague  bacillus  more  difficult  and  doubt- 
less influenced  its  longevity. 
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No.  5o.— Milk,  in  the  Incubator  at  37°  C. 


Time. 

Re.snlt. 

Remarks. 

9 dav.s 

(?) 

Contaminated. 

12  dll  vs 

(?) 

Do. 

22  da  vs 

+ 

Killed  mouse  of  plague  in  3 days. 

33  da  vs 

+ 

49  da  vs 

+ 

.58  days 

— 

Contaminated. 

68  davs 

Do. 

No.  56. — Milk,  in  the  Cold  Chamber  at  17°  to  19°  C. 


1 Time. 

1 

Result. 

Remarks. 

1 

1 8 davs 

-1- 

Contaminated. 

22  davs 

+ 

32  davs 

+ 

Failed  to  kill  mouse. 

49  davs 

— 

Contaminated. 

58  davs 

— 

Do. 

1 68  davs 

— 

Do. 

No.  57. — Plague 

IN  31ilk,  22°  TO  29°  C. 

Time. 

Re.sult. 

Remarks. 

9 davs 

+ 

22  davs  

+ 

49  davs 1 

+ 

58  ilavs 

— 

No  growth  of  any  kind. 

68  davs '. 

+ 

Pure  and  typical  plague. 

79  davs 

No  growth  from  larger  amount  of 
milk  inoculated. 

99  davs 

— 

I*LA(JUK  (’ULTUKP:  in  cheese. 

The  orj^anisni  lived  seventeen  days  in  cheese. 

American  cheese  vas  melted  in  a water  hath,  ])oured  into  test  tubes, 
and  sterilized  by  the  fractional  method  at  low  temperatures. 

Four  cubic  centimeters  of  a three-day-old  growth  of  plague  in  bouil- 
lon was  thoroughly  mixed  up  with  15  c.  c.  of  cheese  in  each  of  three 
tubes.  These  tul)es  were  then  exi)osed  under  ditlerent  conditions  of 
temperature. 

(1)  In  the  incubator  at  87°  C. 

(^2)  In  the  cold  chamber  at  17  to  C. 

(3)  In  a dark  room  at  22°  to  2b°  C. 
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No.  58. — Plague  in  Cheese,  in  the  Incubator,  37°  C. 


Time. 

Result. 

Remarks. 

6 da vs 

+ 

13  da vs  

+ 

17  davs 

+ 

26  days 

— 

Growth. 

36  davs 

, 

- 

Subtil  is  contamination. 

No.  59. — Plague  in  Cheese,  in  the  Cold  Chamber,  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

6 davs 

+ 

13  davs 

+ 

26  davs 

- 

No  growth. 

36  days 

- 

Do. 

47  davs 

— 

Do. 

67  davs  

— 

Do. 

No.  60. — Plague  in  Cheese,  in  a Dark  Room,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

6 davs 

+ 

13  davs 

+ 

17  days 

+ 

26  davs  

~ 

No  growth. 

36  davs 

Contaminated  with  a spor-bearing 
rod. 

47  days 

Do. 

PLAGUE  IN  BUTTER. 

Plague  may  live  a long  time  in  butter,  especially  when  kept  cool — 
that  is,  at  17°  to  19°  C.  The  warmer  the  temperature  the  shorter 
the  time  the  organism  lives.  At  37°  C.  it  remained  alive  but  five  days,  , 
against  seventy-two  daj^s  at  17°  to  19°  C. 

Butter  was  melted  and  sterilized  in  test  tubes  at  100°  C.  for  a few 
minutes  each  of  three  days.  While  liquid  it  was  inoculated  with  a 
three-day-old  broth  culture  of  plague.  Two  cubic  centimeters  of  the 
culture  was  mixed  in  each  test  tube,  holding  about  15  c.  c.  of  butter. 

These  tubes  were  kept  under  three  conditions  of  temperati.re : I 

(1)  In  the  incubator  at  37°  C. 

(2)  In  the  cold  chamber  at  17°  to  19°  C. 

(3)  In  a dark  room  at  22°  to  29°  C. 

From  time  to  time  small  amounts  were  taken  from  each  tube  and  ^ 
planted  in  bouillon. 
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No.  01. — Plague  Culture  ix  Butter,  ix  the  Ixcuhator,  37°  C. 


Time. 

Result.!  Remarks. 

1 

1 dav 

-L 

5 dav.s 

-f  Killed  mouse  in  5 days. 

14  days 

24  da vs 

No.  62. — Plague  Culture  ix  Butter,  ix  Cold  Cha.mber,  17°  to  PJ°  C’. 


Time. 

Result. 

Remarks. 

2 days 

4-  ^ 

14  days 

-f 

24  davs 

+ 

Killed  mouse  in  3 days. 

53  da vs 

“T 

63  davs 

-f 

72  davs 

+ 

82  davs 

— 

91  days 

— 

No.  63. — Plague  Culture  ix  Butter,  ix  a Dark  Room,  22°  to  26°  C. 


1 

Time. 

Result. 

Remarks. 

1 dav 

5 davs 

~r 

14  davs 

“T 

24  davs ' 

“T 

Killed  mouse  iu  three  days. 

35  dav.s 

+ 

55  davs . 

65  davs 

71  davs 

— 

PLAGUE  OX  FIGS  AXI)  RAISINS. 


Rilisins  and  lio's  were  contaminated  with  cultures  of  plague,  and  lh(‘ 
attempts  made  from  time  to  time  failed  to  recover  the  oro-anism  by 
means  of  cultures  and  inoculations.  This  work  was  undertaken  in 
order  to  determine  whether  such  articles  from  infected  localities  could 
transmit  the  infection.  The  difficulties  of  determinino-  this  (piestion 
were  increa.sed  by  the  fact  that  it  is  not  practicable  to  sterilize  the  tio-s 
and  raisins.  It  was  also  found  that  both  the.se  articles  contain  58  p(*r 
cent  of  o-luco.se,  and  that  the  plaoue  bacillus  will  not  o-j-ow  in  a 58  ])er 
cent  glucose  medium. 

The  plague  organism  was  never  recovered  from  raisins  and  figs, 
even  on  the  dav  following  the  inoculation,  and  it  mav  be  (hdiniti'lv 
stated  that  there  is  little  danger  of  these  articles  carrving  the  infection. 
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PLAGUE  CULTURE  ON  SALT  BEEF. 

Salt  beef  was  sterilized  and  saturated  with  a four-day-old  broth 
culture  of  plague  and  kept  in  a dark  room  at  22°  to  29°  C. : 

No.  64. — Bouillon  Culture  in  Salt  Beef,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

3 days 

Contaminated. 

18  days 

— 

No  growth. 

28  days 

■ 

Subtilis. 

PLAGUE  CULTURE  ON  ORANGE  PEEL. 

Orange  peel  was  sterilized  and  saturated  with  a four-day -old  broth 
culture  of  plague  and  kept  in  a dark  room  at  22°  to  29°  C. : 

No.  65. — Bouillon  Culture  in  Orange  Peel,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

3 days 

— 

18  days 

PLAGUE  ON  RICE. 

Rice  was  sterilized  and  inoculated  with  a four-day-old  bouillon  culture 
of  plague  and  kept  under  the  following  conditions: 

No.  66. — Plague  on  Rice,  in  Bark  Room,  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

3 days 

18  days  

28  days 

1 

i 

- ! 
- 

No.  67. — Plague  on  Rice 

, Cold  Chamber,  17°  to  19°  C. 

Time. 

Result. 

Remarks. 

3 daj's 

18  days 

+ 

28  days 

- 

38  days 

— 

No.  68. — Plague  on 

Rice,  in  Incubator,  37°  C. 

Time. 

Result. 

Remarks. 

3 days 

— 

18  days 

— 

Contaminated. 
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i These  results  correspond  with  those  of  Hankin,  who,  following  dif- 
I ferent  methods,  found  that  plague  lived  but  a short  time  (few  days)  on 
grain. 

’ PLAGUE  BLOOD  AND  TISSUES. 

< 

I 

Plague  may  live  a considerable  time  in  the  tissues  and  organs  of 
I animals  dead  of  that  disease,  when  these  substances  are  preserved  under 
special  conditions.  It  is  probable  that  the  saprophrytes,  which  soon 
invade  the  organism  of  animals  buried  or  disposed  of  in  the  usual  way, 
soon  overpower  and  determine  the  death  of  the  plague  organism.  In 
this  work,  when  the  plague  bacillus  could  be  protected  from  such 
influences,  it  was  found  to  remain  alive  and  A'irulent  for  sixty-five  days 
I in  a piece  of  dried  spleen.  ^ 

I The  spleen  of  a rabbit  dead  of  experimental  plague  was  placed  with 
I aseptic  precautions  in  a petri  dish  and  kept  in  the  cold  chamber  at  17° 
i to  19°  C.  The  spleen  soon  dried  out.  Pieces  were  taken  from  time 
to  time  and  planted  in  bouillon. 

No.  69. — Spleen  of  Plague  Rabbit. 


Time.  Result. 

Remarks. 

6 days -1- 

18  days + 

The  spleen  is  yery  dry. 

20  days + 

34  days  + 

43  days -i- 

65  days + 

Killed  mouse  in  G days. 

Material  expended  

1 

No.  70. — Spleen  of  Plague  Rabbit. 

The  spleen  of  a rabbit  dead  of  experimental  jilague  was  placed  in  a 
Petri  dish,  but  first  the  surface  was  sterilized  by  moistening  and  burn 
ing  with  alcohol,  and  kept  in  a dark  room  at  ^'2°  to  29°  C. 


Time. 

Result. 

Remarks. 

1 day 

+ 

13  days 

27  days 

86 


Xo.  71. — Spleen  of  Plague  Rabbit. 

The  entire  spleen  of  a rabbit  dead  of  experimental  plague  was  kept 
in  a Petri  dish  in  the  incubator  at  37°  C.  The  spleen  soon  dried  out 
and  became  hard  and  friable.  Small  pieces  were  taken  from  time  to 
time  and  planted  into  bouillon. 


Time. 

Result. 

Remarks. 

1 day 

-U 

12  days 

+ 

Killed  mouse  of  plague  in  18  hours. 

26  days 

+ 

35  days 

+ 

Contaminated. 

45  days 

+ 

Failed  to  kill  mou.se. 

Material  expended. 

PLAGUE  BLOOD  ON  VARIOUS  OBJECTS. 

Plague-infected  blood  from  animals  dead  of  septicaemic  plague  was 
inoculated  upon  various  objects,  such  as  paper,  wood,  crash,  sponge, 
etc. , and  kept  under  various  conditions  of  temperature. 

It  was  found  that  such  thin,  diy  layers  of  blood  will  not  preserve 
the  bacillus  very  long— at  most  nine  days. 

No.  72. — Plague  Blood  on  Filter  Paper. 

The  heart’s  blood  of  a rabbit  dead  of  experimental  plague  was 
inoculated  on  little  slips  of  white  filter  paper.  These  slips  were 
placed  in  a Petri  dish  and  allowed  to  dr}^  out  in  a dark  room  at  22° 
to  29°  C. 


Time. 

Result. 

Remarks. 

2 days 

+ 

Killed  rabbit  over  night  by  intrave- 
nous inoculation. 

4 days 

+ 

6 days 

— 

13  days 

— 

25  days  

— 

No.  73. — Plague  Blood  on  Crash. 

The  heart’s  blood  of  a rabbit  dead  of  experimental  plague  was 
inoculated  on  little  squares  of  sterile  fabric  (crash)  and  then  allowed 
to  diy  out  in  a Petri  dish  exposed  in  a dark  room  at  22°  to  29°  C. 


Time. 

Result. 

Remarks. 

2 days 

+ 

4 days 

6 days 

— 

13  days 

— 

25  davs 

— 

~ 
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No.  74. — Pl.\gue  Blood  ox  Sponge. 

Small  pieces  of  sponge  were  sterilized  hy  heat  and  impregnated 
with  the  heart’s  blood  of  a rabbit  dead  of  experimental  plague  and 
kept  in  a Petri  dish  in  the  cold  room  at  17^  to  C. 


Time. 

Result. 

Remarks. 

1 (lay 

+ 

6 (lavs 

+ 

9 (laws 

-f 

12  (lavs 

— 

18  days 

— 

Contaminated. 

31  days 

— 

No.  75. — Plague  Blood  on  Crash. 


Small  squares  of  crash  were  impregnated  with  the  heart’s  blood  of 
a rabbit  dead  of  experimental  plague  and  kept  in  the  cold  room  at  17° 


to  19°  C. 


Time. 

Result. 

Remarks. 

1 (lav 

+ 

Contaminated. 

6 days 

— 

9 days 

— 

12  days  

- 

18  davs 

— 

No.  76. — Plague  Blood  on  Paper. 


Small  slips  of  sterilized  white  filter  paper  were  impregnated  with 
several  drops  of  the  heart’s  blood  of  a rabbit  dead  of  experimental 
plague  and  exposed  in  the  cold  room  at  17°  to  19°  C. 


Time. 

Result. 

Remarks. 

1 (lav 

+ 

G davs 

-f 

9 davs 

- 

12  davs  

— 

18  days 

— 

34  days 

— 
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Xo.  77. — Plague  Blood  ox  Wood. 

Small  sticks  of  white  pine  were  sterilized  by  heat  and  soaked  in  the 
heart’s  blood  of  a rabbit  dead  of  experimental  plague  and  left  to  dry 
in  a Petri  dish  in  the  cold  room  at  17^  to  19^  C. 


Time. 

Result.  Remarks. 

1 day 

6 days 

-r 

9 days 

— 

12  days 

— 

18  days 

i 

Plague  Blood  ox  Ceash,  Paper,  Spoxge,  axd  Wood  at  37°  C. 

Small  pieces  of  crash,  white  filter  paper,  sponge,  and  white  pine  were 
sterilized  and  soaked  in  the  heart’s  blood  of  a rabbit  dead  of  experi- 
mental plague  and  kept  in  the  incubator  at  37°  C. 


XO.  78. 


1 Object. 

Time. 

Result. 

I Crash 

5 days 

! 

Do 

14  days . . . 

XO.  79. 

Paper 

5 days 

14  days  . . . 

1 

Do 

! XO.  80. 

i 

Sponge 

Do 

5 days 

14  days  . . . 

‘ 

— 

XO.  81. 

Wood 

Do 

5 days 

14  days  . . . 

— 

PLAGUE  EXPOSED  TO  SUNLIGHT. 

Plague  when  exposed  directly  to  bright  sunlight  died  quickly.  Even 
in  a piece  of  sponge  it  could  not  live  an  hour  in  the  bright  sunlight  of  I 
a Washington  day  in  the  month  of  IVIay.  When  exposed  more  directly  ‘ 
on  the  surface  of  objects  it  died  within  half  an  hour. 

The  sun,  however,  could  not  penetrate  small  pieces  of  plague  spleen  , 
in  five  hours. 
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Xo.  82. — Plagi’e  Cultures  ox  Various  Objects  Exposed  to  the  Sunlight. 

A two-day-old  bouillon  culture  was  reenforced  with  an  oese  of  an 
agar  culture,  and  then  bits  of  sterilized  paper,  crash,  sponge,  and  wood 
were  saturated  with  the  mixture  and  exposed  in  a Petri  dish  to  direct 
sunlight.  The  temperature  in  the  sun  at  the  time  was  33.2°  to  3.5.5°  C. 
This  was  on  May  Id,  in  Washington. 

Effects  of  sunlight. 


No.  83. — Spleen  of  Plague  Rabbit  Exposed  to  Sunlight. 

A small  piece  of  the  spleen  of  a rabbit  dead  of  experimental  plague 
was  exposed  in  a Petri  dish  to  bright  sunlight.  May  20.-  At  the  end 
of  five  hours  it  was  crushed  and  planted  into  broth  and  gave  a typical 
growth,  which  growth  inoculated  into  a mouse  killed  it  in  three  days. 
The  plague  organism  recovered  in  pure  culture  from  blood  and  spleen. 

CONCLUSIONS. 

(1)  The  bacillus  pestis  is  not  a frail  organism.  It  resembles  the 
hemorrhagic  septicsemic  group  or  the  cocco-bacilli  as  far  as  its  viability 
is  concerned. 

(2)  Temperature  is  the  most  important  factor  in  the  viability  of  the 
plague  bacillus.  It  keeps  alive  in  the  cold,  under  19°  C. , a very  long 
time.  It  dies  quickly,  especially  when  dried,  at  the  bod}'  temperature, 
37°  C. 

(3)  Moisture  favors  the  life  of  the  liacillus  pestis.  It  usualh'  dies 
in  a few  days  when  dry,  even  in  the  presence  of  albuminous  matter, 
provided  the  temperature  is  above  30°  C.  It  may  keep  alive  and 
virulent  when  dry  for  months  in  the  cold,  under  19°  C. 

(4)  Sunlight  kills  the  organism  within  a few  hours,  provided  the  sun 
shines  directly  upon  the  organism  and  the  temperature  in  the  sun  is 
over  30°  C.  The  efi'ect  of  sunlight  is  not  very  penetrating. 

(5)  The  virulence  of  the  bacillus  pestis  is  often  lost  before  its 
vegetability. 

(6)  It  is  unlikel}'  that  new  dry  merchandise  would  carry  the  infec- 
tion. The  organism  usuallv  dies  in  a few  davs  on  the  surface  of 
objects  such  as  wood,  sawdust,  bone,  paper,  etc. 

(7)  Clothing  and  bedding  can  harbor  the  infection  for  a long  tiiiui 
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and  ma}"  act  as  fomites.  The  bacillus  lives  for  months  when  dry  in 
albuminous  media  at  temperatures  under  20^  C. 

(8)  Food  products  ma}"  cany  the  infection  of  plague.  The  bacillus 
lives  a long-  time  in  milk,  cheese,  and  butter.  It  usually  dies  quickly  : 
on  the  surface  of  fruits  and  prepared  foods. 

(9)  The  organism  ma}^  live  a long  time  in  water,  although  plague  , 

is  not  a water-borne  disease.  ; 

(10)  The  plague  bacillus  does  not  live  long  on  paper,  and  first-class  | 

mail  is  therefore  not  apt  to  conve}"  the  infection.  * 

(11)  The  colder  the  climate  the  greater  the  danger  of  conveying  the  j 

infection  on  fomites — clothing,  bedding,  food.,  merchandise,  etc. — and  i 
more  extensive  disinfection  is  required  in  such  a climate  in  combating  i 
the  disease  than  in  tropical  regions.  | 

(12)  The  plague  bacillus  is  destro}"ed  by  sulphur  fumigation  and  by  ' 
formaldehyde  gas  in  the  strengths  in  which  these  disinfectants  are 
usually  emplo}^ed.  The  gases  can  only  be  depended  upon  as  surface  ' 
disinfectants.  In  disinfecting  ships,  warehouses,  dwellings,  and  other  . 
places  infested  with  rats,  fleas,  and  vermin,  sulphur  is  better  than  : 
formaldeh}"de,  because  formaldehyde  gas  fails  to  kill  the  higher  forms 
of  animal  life. 

(13)  A temperature  of  70°  C.  continued  a short  time  is  invariably  ' 
fatal  for  the  plague  bacillus.  The  ordinary  antiseptics  are  all  effica- 
cious in  their  usual  strength  for  nonspore-bearing  organisms.  Efficient 
surface  disinfection  may  be  accomplished  b\"  exposing  objects  all  day 
to  the  direct  sunshine  on  warm  days.  The  temperature  in  the  sun  : 
must  be  above  30°  C. 


PLAGUE  OX  VAEIOUS  FOOD  STUFFS. 


[By  Passed  Assistant  Surgeon  II.  D.  Geddings,  Marine- Hospital  Service.] 


fJANUAKY  II,  1901. 

The  experiments  were  continued  from  the  point  where  Dr.  Eosenau's 
preliminary  note  left  otf,  and  have  been  the  subject  of  continuous  obser- 
vations in  this  laboratorv  for  more  than  a vear  from  that  time,  havino- 
only  been  brouo-ht  to  a conclusion  within  the  past  sixty  days. 

In  o-eneral  terms  it  mav  be  said  that  the  further  observations  have 
^ %> 

simply  confirmed  his  preliminaiy  views.  The  growth  of  the  bacillus 
continued,  reaching  under  various  conditions  of  temperature  and  mois 
ture  to  a period  of  one  hundred  and  twent}"-tive  days  on  bone  dust, 
where  moisture  was  preserved,  and  at  a temperature  of  37^  C. ; ninety- 
seven  days  on  crash,  temperature  22°  to  29°  C. ; ninety-six  days  in 
distilled  water,  temperature  17°  to  19°  C. ; ninet\^-seven  days  in  tap 
water,  and  other  periods  too  numerous  here  to  mention. 

But  1 would  beg  here  to  remind  you  that  while  these  results  are 
entirely  beyOnd  question,  and  while  no  effort  was  spared  to  make  the 
conditions  simulate  those  naturall}"  obtaining,  there  were  in  the  end 
some  decided  departures  from  the  normal  which  would  obtain  under 
conditions  of  commerce,  trade,  etc. 

The  experiments  all  showed,  too,  that  under  conditions  of  dryness, 
exposure  to  sunlight,  and  to  temperatures  above  the  normal,  but  not 
very  elevated,  the  life  of  the  l)acillus  was  short. 

Again,  too,  I would  invite  your  attention  to  the  fact  that  a condition 
which  obtained  in  all  these  experiments  was  one  very  far  from  obtain- 
ing under  normal  conditions,  viz,  the  fact  of  an  intentional,  abundant 
inoculation  with  a pure  culture  of  the  materials  subiected  to  test,  and 
this  cidture  one  of  known  activity  and  virulence. 

A second  depaidure  from  normal  conditions  was  in  the  fact  that  all 
the  materials  receiving  the  abundant  inoculation  of  the  virulent  pure 
culture  were  sterile.  In  other  words,  the  plague  bacillus  was  not 
only  put  to  growing  under  the  before-mentioned  favorable  conditions 
of  heat  and  moisture,  but  was  relieved  in  toto  from  that  microbial 
symbiosis  which,  in  the  economy  of  nature,  plays  .so  important  a ])art 
in  the  suppression  of  pathogenic  organisms. 

41 
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I do  not  think,  therefore,  that  the  laboratory  experiments,  complete  ; 
and  painstaking  though  they  be,  should  be  held  as  establishing  a ! 
standard  in  the  case  of  food  products  where  the  following  conditions 
would  establish  a strong  dissimilarity  of  conditions: 

First.  Food  products  are  never  intentionally  inoculated  with  plague  « 
organisms,  or.  for  that  matter,  with  any  others.  On  the  contrary,  no  ; 
matter  how  careless  the  operator  and  how  slovenly  the  method  of 
preparation,  care  is  exercised  to  protect  from  gross  contamination,  j 
The  product,  it  is  true,  may  accidentally  become  contaminated  by 
preparation  in  a dwelling  where  plague  prevails.  After  preparation  , 
it  may  become  contaminated  in  the  warehouse  or  store  bv  being 
“muzzled*’  by  a rat  suffering  from  the  pneumonic  form  of  the  disease,  ; 
or  a plague-infected  rat  may  nest  or  even  die  on  the  products,  or  the  ; 
foods  may  be  contaminated  b}’^  dust  containing  virulent  and  viable 
plague  bacilli. 

But  granting  any  or  all  of  these  possibilities,  should  the  contamina-  | 
tion  take  place  it  is  at  once  confronted  by  the  following  condition: 

Second.  That  all  products  for  wear,  for  use  in  the  arts,  or  for  food  ' 
are  the  seat  of  contamination  by  saprophytic  bacteria,  and  that  there 
is  at  once  set  up  a conffict  between  the  pathogene  on  the  one  hand 
and  the  saprophyte  on  the  other,  in  which  contests  the  hardier  sapro- 
phyte usually  comes  off  victorious  over  the  more  deadly  but  more 
highly  organized  and  sensitive  pathogene. 

1 repeat,  therefore,  that  the  conditions  obtaining  in  exact  labora- 
tory experimentation  are  not  applicable  to  and  do  not  form  an  invari-  : 
able  rule  of  conduct  for  quarantine  matters,  in  which  more  normal 
natural  conditions  obtain. 

The  continuation  of  the  experiments  which  formed  the  basis  for 
Dr.  Rosenau’s  preliminaiy  note  lead  in  the  main  to  the  .conclusion 
that  if  a substance  is  favorable  for  the  retention  of  moisture,  and  a i\ 
comparatively  low  temperature  (17^  to  19°  C.),  it  will  afford  a good 
culture  medium  for  the  growth  of  the  plague  bacillus,  unless  it  have 
in  itself  some  inherent  property  which  renders  it  unsuitable.  This 
latter  may  be  something  added  to  it  in  the  process  of  manufacture,  as 
the  sizing  or  lilling  in  certain  fabrics,  or  the  resins  or  gums  contained 
in  woods,  or  the  bacteria  which  find  a habitat  in  manufactured  foods. 

Thus  the  plague  bacillus  failed  to  grow  on  linen  crash  until  it  had 
been  thoroughh^  freed  of  its  sizing  by  washing;  on  sawdust  it  lived 
but  one  day;  on  ffannel  only  three  days:  on  a piece  of  carpet  (the  effect 
probably  of  the  d}’e)  it  did  not  grow  at  all. 

The  following  food  products  were  tried,  and  gave  the  following 
results:  On  cheese  it  lived  from  thirteen  to  seventeen  days,  but  this 
only  after  the  cheese  had  been  thoroughly  sterilized  and  melted;  on 
rice,  sterilized,  three  days  at  22°  to  29°  C. ; on  dried  salt  beef,  three  ^ 
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days:  on  orange  peel,  no  growth:  on  tigs  and  raisins,  no  growth, 
though  subsequent  experiments  showed  this  to  be  due  to  the  amount 
of  P'lucose  or  fruit  sugar  contained. 

Further,  a staple  article  of  Chinese  food,  a duck  dried  and  smoked, 
was  obtained,  and  from  this  small  pieces  were  cut  and  placed  in  sterile 
Petri  dishes.  These  pieces  were  then  liberally  inoculated  with  a 
bouillon  culture  of  the  plague  bacillus  and  the  dishes  placed  in  the 
incubator.  Another  portion  was  placed  directly  in  a tube  of  bouillon, 
and  its  growth  proved  that  it  was  free  from  bacteria,  save  the  hay 
bacillus  and  its  spores. 

For  several  days  small  pieces  were  cut  oli‘  from  those  contained  in 
the  dishes,  and  these  were  also  planted  into  bouillon  tul)es.  The  length 
of  life  of  the  plague  bacillus  under  these  conditions  and  this  microbial 
association  is  uncertain.  For  two  or  three  days  they  were  present  in 
numbers;  this  number  grew  rapidly  more  limited,  and  by  the  twelfth 
day  the  plague  bacilli  were  difficult  of  detection.  Between  this  and  the 
eighteenth  day  they  disappeared  completely,  though  the  hay  bacillus 
'was  still  active  and  grew  in  great  abundance. 

Subsequently  a large  assortment  of  Chinese  food  products  was 
obtained,  and  with  these  experiments  were  made.  The  products  in 
(luestion  consisted  of  the  leg’s  of  smoked  and  dried  ducks;  dried 
oysters;  dried  cuttlefish;  dried  ducks’  gizzards;  ducks’  gizzards  dried 
and  then  placed  in  oil:  smoked  and  dried  pork:  duck  eggs  preserved 
in  a mixture  of  mud  and  rice  chaff.  In  this  last  the  mixture  had 
orig’inallv  been  wet,  but  had  dried  out  until  there  onlv  remained  a 
mass  of  pulverulent'  earth  and  chaff  surrounding  the  egg — in  other 
words,  dry  earth. 

Portions  from  each  of  these  specimens  were  thoroughly  inoculated 
with  a bouillon  culture  of  the  ])lague  bacillus,  and  the  dishes  contain- 
ing them  were  placed  in  the  incubator  at  37°  C.  for  about  twenty-eight 
hours.  Small  pieces  were  then  cut  off  each  and  these  pieces  planted 
into  bouillon  tubes,  which  were  incubated  for  twenty-four  hours. 

Of  the  seven  specimens,  three  alone  showed  any  growth  viz,  the 
p(n*k,  the  dried  gizzard,  and  the  cuttlefish. 

A .specimen  from  the  growth  in  such  case  was  removed  and  stained 
with  carbol-thionin  .solution  (the  stain  by  election  for  plague  bacilli), 
and  microscopic  examination  showed  the  following:  On  the  pork  the 
growth  was  the  B.  subtilis  (hay  bacillus)  alone:  on  the  dried  gizzard, 

hav  bacillus:  on  the  dried  cuttlefish,  hav  bacillus  and  an  ordinarv 

* « » 

mold. 

In  view  of  these  results,  therefore,  I would  respectfully  submit  the 
opinion  that  it  is  unlikely  that  the  Chine.se  food  ])roducts  in  (piestion 
could  convey  the  germ  of  plague,  even  should  they  accidentally  become 
contaminated  with  the  same,  and  under  the  ordinarv  conditions  of  com- 
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mercial  intercourse  I much  question  whether  such  contamination  is 
likely  to  occur,  or  whether  in  the  presence  of  the  temperature  obtain- 
ing in  the  holds  of  ships  the  organism  would  have  any  prolonged  life. 

As  these  results  may  have  a bearing  on  the  quarantine  restrictions 
at  present  in  force  against  these  food  stuffs,  they  are  submitted  at  once, 
without  waiting  for  further  observations,  which,  however,  will  be  car- 
ried on  from  time  to  time. 
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The  subject  of  the  destruction  of  rats  has  assumed  great  importance 
within  recent  times  on  account  of  the  spread  of  plague  to  the  four 
quarters  of  the  globe. 

In  the  short  time  since  1894,  when  plague  broke  from  its  Eastern  con- 
fines where  it  had  slumbered  so  many  years,  a great  mass  of  exact 
scientific  knowledge  has  been  gathered  concerning  the  disease.  The 
relation  of  the  rat  to  the  spread  of  the  disease  has  especially  engaged 
the  attention  of  investigators. 

During  the  great  outbreaks  of  plague  in  the  middle  ages  the  unusual 
mortality  among  the  rats  was  noticed,  and  it  was  obvious  then  that  these 
animals  played  some  role  in  the  spread  of  the  disease.  We  now  know 
definitely  that  the  rat  is  susceptible  to  plague.  This  rodent  sickens  and 
dies  of  the  disease  in  much  the  same  manner  as  man.  An  epidemic 
may  be  foretold  by  a great  increase  of  mortality  in  rats,  for  when  this 
occurs  it  ,may  be  shown  that  the  rats  first  contract  the  disease  and 
afterwards  transmit  it  to  man. 

The  destruction  of  rats  has,  therefore,  become  of  the  first  importance 
from  the  standpoint  of  the  public  health  and  the  prevention  of  the 
spread  of  plague. 

Plague  has  threatened  our  country  from  both  its  seacoasts,  and  it  is 
probable  that  the  only  reason  it  has  not  spread  in  San  Francisco  is  due 
to  the  fact  that  the  disease  has  not  been  prevalent  among  the  rats. 

In  the  spring  of  1900,  J.  Danyz  described  a new  method  for  the 
destruction  of  rats  by  means  of  cultures  of  a certain  bacillus  (a).  This 
bacillus  he  obtained  from  a spontaneous  epidemic  among  harvest  mice 
and  by  means  of  rather  complicated  and  artificial  methods  he  managed 
to  increase  its  virulence  so  that  it  became  pathogenic  for  the  several 
species  of  rats.  The  claim  is  made  that  the  employment  of  tlie  cultures 

a Annales  de  I’Institut  Pasteur,  April,  1900.  A translation  of  the  article  by  Danyz 
appeared  in  the  Public  Health  Repokt.s  of  May  25,  1900,  Vol.  XV,  No.  21. 
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of  this  bacillus,  sold  under  the  name  of  “Eat  Virus,’’  is  efficient  for  i 
the  destruction  of  these  rodents. 

The  following  work  was  undertaken  in  order  to  test  the  validity  of 
this  claim. 

THE  ORIGIN  OE  THE  VIRUS. 

In  1889  Loeffler  discovered  the  bacillus  typhi  murium,  which  he  isolated 
from  a spontaneous  epidemic  among  white  mice,  and  which  he  applied 
with  success  to  the  destruction  of  harvest  mice  (m.  arvicola).  Other 
bacteriologists  have  observed  similar  epidemics  and  have  isolated 
the  microbes  thereof,  morphologically  identical  with  the  bacillus  of 
Loeffler,  but  more  or  less  virulent  for  the  several  genera  and  species  of 
the  little  rodent. 

For  example  : The  B.  typhi  murium  of  Loeffler  was  only  frankly  patho- 
genic for  mice  (m.  musculus)  and  for  harvest  mice  (m.  arvicola).  A ; 
bacillus  isolated  by  Laser  was  pathogenic  for  the  m.  agrarius,  that  iso-  | 
lated  by  Merechkowski  for  the  spermophiles,  and  finally  that  isolated  by  , 1 
Issatchenko  for  white  rats.  1 

Each  of  these  various  bacilli  is  of  such  variable  virulence  that  it  | 
can  not  be  used  practically  for  the  destruction  of  all  species  of  these  I 
rodents. 

Danyz,  therefore,  conceived  the  notion  that  it  would  be  of  great  i 
interest,  first  to  extend  the  field  of  action  of  one  of  these  organisms  by 
increasing  its  virulence  so  that  it  would  attack  other  species  of  rodents  i 
and  then,  this  virulence  increased,  to  maintain  it  at  its  highest  point. 
This  is  how  he  proceeded  to  solve  this  problem. 

He  first  isolated  a bacillus  from  a spontaneous  epidemic  among  har- 
vest mice.  This  organism  was  a cocco -bacillus,  presenting  in  general 
the  characteristics  of  the  colon  bacillus,  and  resembling  the  bacillus 
of  Loeffler — B.  typhi  murium.  From  the  first  this  bacillus  showed  a 
slight  pathogenicity  for  gray  rats  (m.  decumanus).  Out  of  10  animals 
fed  with  a culture  of  this  microbe  2 or  3 would  die ; several  others 
would  sicken  and  recover ; others  still  appeared  completely  refractory. 
The  fact  that  a certain  number  of  the  rats  fed  with  these  cultures  always 
succumbed  led  to  the  hope  that  it  would  be  possible  to  increase  the  vir- 
ulence of  this  particular  microbe  by  the  generally  accepted  methods — 
that  is  to  say,  by  a certain  number  of  passages  from  rat  to  rat. 

Danyz  first  tried  to  increase  the  virulence  of  the  organism  by  this 
means,  but  he  found  that  successive  passages  from  rat  to  rat,  whether 
by  feeding  or  by  subcutaneous  injection,  ended  by  enfeebling  rather 
than  increasing  the  virulence  of  the  microbe.  He  found  that  it  was 
rarely  possible  to  go  beyond  10  to  12  passages.  Sometimes  the  series 
was  stopped  at  the  fifth  passage,  or  even  sooner,  by  the  survival  of  all 
the  animals  undergoing  experiment.  The  result  was  exactly  the  same,  ' 
if,  instead  of  alternating  each  passage  through  the  animal  by  a culture 
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in  bouillon  or  agar,  the  bodies  of  animals  dead  of  a preceding  passage 
were  fed  to  others. 

It  was,  therefore,  plain  that  in  the  evolution  of  an  epidemic  caused 
by  this  microbe  it  was  necessary  to  take  account  of  the  indisputable 
diminution  of  the  virulence  of  the  microbe,  as  well  as  the  natural 
resistance  of  the  survivors. 

Finally,  passages  of  cultures  in  collodion  sacks,  inclosed  in  the  peri- 
toneal cavities  of  rats,  were  tried,  both  in  interrupted  series  and  by 
alternating  each  sack  culture  with  a culture  in  bouillon  or  on  agar,  but 
the  end  was  invariably  a notable  diminution  of  virulence  when  admin- 
istered by  the  digestive  tract. 

Danyz  finally  managed  to  increase  the  virulence  of  the  organism,  so 
that  it  was  pathogenic  for  rats,  by  the  following  process : 

danyz’ S METHOD  FOR  INCREASING  AND  MAINTAINING  THE  VIRULENCE 

OF  THE  VIRUS. 

A culture  of  the  bacillus  was  selected  that  was  fatal  for  mice  in  four 
to  five  days,  and  grown  in  bouillon  to  accustom  it  to  an  anaerobic  exist- 
ence. This  was  accomplished  by  growing  the  culture  in  fiasks  as  com- 
pletely filled  as  possible.  The  flasks  were  jilaced  in  the  incubator  until 
the  culture  developed,  and  then  kept  at  ordinary  temperature  until  a 
deposit  formed  and  the  bouillon  became  perfectly  clear.  This  may 
take  four  or  five  days,  and  its  object  is,  as  above  stated,  to  accustom  the 
microbe  to  an  anaerobic  existence. 

From  the  flasks  the  culture  was  passed  in  a collodion  sack,  which  is 
kept  from  twenty-four  to  thirty- six  hours  in  the  abdominal  cavity  of  a 
rat,  and  then  planted  anew  in  ordinary  bouillon  and  thence  again  into 
flasks.  The  culture  was  transferred  from  these  last  flasks  to  agar,  and 
it  is  these  cultures  on  agar  that  Danyz  gave  to  mice  to  eat,  after  having 
diluted  them  with  water  and  soaked  bread  and  grain  in  the  dilution. 

This  series  of  operations  was  repeated  several  times,  and  at  the  fourth 
or  fifth  repetition  a decided  increase  in  virulence  was  noted.  Mice, 
which  died  only  at  the  end  of  four  to  seven  days,  now  died  in  thirty-six 
to  sixty  hours  after  the  ingestion. 

After  this  decided  increase  in  the  virulence  for  mice  was  obtained, 
the  mice  were  replaced  by  white  rats,  commencing  with  young  rats  a 
mouth  or  six  weeks  old  and,  as  the  passages  are  continued,  taking  older 
rats.  Proceeding  thus  and  making  collodion  sack  cultures  in  the 
abdominal  cavity  of  the  species  of  the  animal  which  it  was  desired  to 
infect,  the  culture  was  specialized,  so  that  it  was  rendered  sufiiciently 
virulent  in  ten  passages.  Operating  in  this  manner,  Danyz  linally  suc- 
ceeded in  rendering  regularly  virulent  for  gray  rats  (?«.  dec  urn  an  us), 
then  for  black  rats  (m.  ratus),  and  finally  for  white  rats,  a culture  which 
was  originallj’  but  slightly  virulent  for  the  gray  rat  and  entirely  innocu- 
ous for  the  other  two. 
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The  bouillon  used  was  made  from  horse  meat  with  1 per  cent  peptone, 
and  to  which  was  added  a little  carbonate  of  lime  to  neutralize  the  acids 
which  are  formed  during  culture  and  which  rapidly  diminish  the  viru- 
lence of  the  microbe. 

After  this  long  and  painstaking  procedure,  Danyz  obtained  a very 
virulent  culture  that,  contained  in  flasks  and  kept  from  the  influence  of 
light  and  air,  preserved  its  virulence  for  several  months.  Planted  on 
agar  it  preserved  its  virulence  without  appreciable  diminution  for  two 
months.  In  bouillon,  in  flasks  or  tubes  stoppered  with  cotton,  it  altered 
very  rapidly. 

One  can  not  read  the  foregoing  account  without  admiration  for  the 
patience  and  perseverance  required  to  increase  the  virulence  of  an 
organism  by  so  many  passages  through  the  peritoneal  cavities  of  rats  by 
means  of  the  collodion  sack  method. 

DESCRIPTION  OF  THE  ORGANISM. 

The  cultures  with  which  I did  the  following  work  were  obtained  from 
the  Pasteur  Institute. 

The  organism  is  a cocco-bacillus,  showing  distinct  motility.  Stains 
well  by  the  ordinary  stains  and  does  not  stain  by  Gram’s  method. 

It  grows  well  at  ordinary  room  temperature ; also  in  the  incubator, 
and  on  all  the  ordinary  media.  In  bouillon  it  produces  a uniform 
cloudiness  in  twenty-four  hours.  A slight  scum  forms  after  several 
days’  growth,  which  falls  to  the  bottom  when  shaken.  In  Dunham’s 
solution  it  grows  well,  but  produces  no  indol  in  twenty-four  hours’ 
growth. 

It  turns  blue  litmus  milk  red,  but  does  not  cause  coagulation. 

It  grows  the  whole  length  of  the  stab  in  gelatin,  forming  small  whitish 
colonies  in  the  deeper  portions  of  the  tube.  It  does  not  grow  over  the 
entire  surface  of  the  gelatin  tubes.  Does  not  liquify. 

It  grows  uoder  anaerobic  conditions. 

It  ferments  glucose  bouillon,  but  not  lactose  bouillon. 

In  glucose  bouillon  it  produces  I-CO2,  5-H. 

It  also  produces  H2S. 

From  a general  biological  standpoint  it  is  plain  that  this  bacillus 
belongs  to  the  para  colon  group,  and  is  very  similar  to  the  bacillus  of 
rabbit  septicaemia,  hog  cholera,  and  icteroides — as  far  as  its  morpholog- 
ical and  cultural  characteristics  are  concerned. 

VIRULENCE  OF  THE  VIRUS  FOR  RATS. 

One  hundred  and  flfteen  rats  were  fed  with  the  cultures  in  various 
ways  during  the  course  of  my  experiments  with  the  virus.  Of  these, 
46  died — less  than  half. 

Most  of  the  rats  used  were  the  gray  rat  (m.  decumanus)  and  the  tame 
white  rat.  A few  (8)  of  the  wild  brown,  or  Norway  rat,  were  used. 


The  virus  is  in  reality  pathogenic  for  these  three  kinds  of  rats  when 
ingested.  No  special  difference  was  noted  in  its  effects  upon  the  various 
species. 

As  the  work  progressed  it  soon  became  evident  to  me  that  the  result 
depended  largely  upon  the  amount  of  the  culture  ingested.  By  starv- 
ing rats  for  a day  or  two  and  then  giving  them  all  they  could  be  induced 
to  eat  and  drink  of  the  cultures,  a very  positive  result  was  obtained.  In 
one  instance  of  27  rats  so  fed,  all  died  within  a w*eek.  If  the  rats  are 
given  a small  amount  the  effect  is  uncertain — only  a few  die.  In  one 
instance  I fed  70  rats  wdth  4 agar  tubes,  and  only  7 died.  Upon  refeed- 
ing them  with  very  large  quantities,  9 more  died.  The  survivors  were 
then  fed  with  all  they  could  be  induced  to  eat  every  day  for  a week, 
without  effect. 

It,  therefore,  seems  plain  that  a large  primary  dose  pioves  fatal,  and 
a small  dose  is  not  only  uncertain,  but  produces  an  immunity.  This  is 
a very  important  factor,  for  it  is  likely  that  in  the  wild  state  rats  would 
often  partake  of  an  amount  too  small  to  cause  death.  Such  rats  may 
then  subsequently  eat  large  amounts  of  the  culture  with  impunity. 

It  would  seem,  then,  that  after  all,  the  virus  is  not  so  different  from 
the  laying  out  of  a chemical  poison,  depending  as  it  does  for  its  effect 
upon  the  amount  ingested.  A chemical  poison,  however,  does  not 
l)0ssess  the  disadvantage  of  producing  an  immunity.  Another  disad- 
vantage possessed  by  the  virus  is  the  rapid  deterioration  in  virulence 
which  occurs  when  it  is  exposed  to  the  action  of  air  and  light,  or  when 
it  becomes  dry,  as  is  very  apt  to  happen  when  laid  out  for  rats  in  the 
wild  state. 

Against  this  the  virus  has  the  very  decided  advantage  over  the  usual 
chemical  agents  used  to  kill  rats  that  in  so  far  as  known  it  is  harmless 
for  man  and  domestic  animals. 

THE  DISEASE  PRODUCED  BY  THE  VIRUS  HAS  FEEBLE  POWERS  OF 

PROPAGATING  ITSELF  AMONG  RATS. 

Danyz  has  pointed  out  the  fact  that  the  epidemic  produced  by  his 
virus  in  rats  is  self  limiting.  This  is  due  to  two  causes : 

1.  The  attenuation  of  the  virus. 

2.  The  resistance  of  the  rats. 

That  the  disease  can  be  spread  from  rat  to  rat  by  eating  each  other 
can  not  be  doubted,  but  this  method  of  the  spread  of  the  infection  is 
very  feeble.  I fed  rats  upon  the  organs  (spleen,  liver,  etc.),  of  other 
rats  dead  of  the  infection,  without  producing  any  eflect.  Bats  will  some- 
times eat  each  other,  but  sometimes  they  refuse.  I fed  dead  and  sick 
rats  to  10  healthy  rats  in  a cage,  and  although  food  was  withheld  for  four 
days  they  refused  to  touch  the  dead  bodies.  On  other  occasions  the 
rats  were  very  vicious,  fighting  and  killing  the  sick  and  feeble  and  eat- 
ing the  dead  bodies. 
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As  will  be  seen  from  the  details  of  the  work  which  follow,  I failed 
to  propagate  the  disease  from  rat  to  rat. 

This  feeble  power  of  the  infection  to  spread  from  rat  to  rat  is  a 
decided  limitation  to  the  virus  as  far  as  its  practical  application  is  con- 
cerned. It  is  easy  enough  to  make  the  rats  in  a cage  eat  the  cultures 
soaked  in  food,  but  in  a wild  state  this  would  not  be  so  easy,  and  if  only 
the  rats  that  eat  the  virus  die,  there  is  little  advantage  over  phosphorous, 
arsenic,  and  other  chemical  poisons. 

It  is  not  considered  necessary  to  give  in  full  detail  all  the  experiments 
made  with  the  virus.  A few  of  the  more  striking  ones  follow. 

No.  1.  SEVENTY  EATS  FED  ON  CULTURES  IN  INCREASING  AMOUNTS. 


Seventy  white  and  gray  rats  were  fed  April  8 with  4 agar  slants  I 
(original)  of  Danyz’s  virus  No.  2,  obtained  direct  from  the  Pasteur  ^ 
Institute.  The  cultures  were  shaken  up  with  water  and  soaked  on  dry 
bread,  according  to  the  instructions.  The  agar  itself  was  also  fed  to  the  j 
rats.  They  ate  it  all  up  greedily,  food  having  been  withheld  for  a day 
previously — i 

Died. 


Twelve  days  after  feeding 

Fourteen  days  after  feeding 

Thirty  days  after  feeding 

Thirty-one  days  after  feeding. . . 
Thirty-two  days  after  feeding... 
Thirty-three  days  after  feeding 


1 I 

2 j 
1 i 

1 i 

1'  ' 

1 ; 


Total 7 1 

I 

Seven  of  the  70  rats  died.  One  of  the  7 died  of  a peritonitis,  due  ; 
to  a long  nonmotile  bacillus  which  had  no  resemblance  to  the  organ-  ; i 
ism  that  was  fed  to  the  rats.  The  others  died  of  a disease  evidently  ! j 
due  to  the  ingestion  of  the  cultures.  | 

In  most  of  the  animals  the  small  intestines  were  found  to  be  the  seat  ! I 
of  inflammation  with  enlargement  of  the  lymphatic  glands.  The  spleen  i | 
and  liver  showed  little  change.  The  lungs  were  often  the  seat  of  con-  I 
gestion  and  hemorrhagic  inflammation — sometimes  infarct.  The  inges- 
tion of  the  virus  causes  a local  reaction  in  the  intestines,  followed  by  i 
an  invasion  of  the  organism  into  the  blood,  producing  a septicaemia. 

The  surviving  rats,  remaining  perfectly  well  to  all  appearances,  were 
again  fed  with  a fresh  culture  of  the  virus.  They  were  now  divided  > 
into  4 lots  and  fed  with  variable  amounts  in  order  to  determine  ; 
whether  the  small  quantity  ingested  produced  an  immunity  and 
whether  the  effect  is  proportionate  to  the  amount  eaten. 


THIRTY -THREE  EATS  EE  FED  WITH  LARGE  QUANTITIES  OF  BOUILLON  , 

CULTURES. 

On  May  16,  after  two  days’  starving,  33  of  the  surviving  rats  of  expert-  ( 
ment  No.  1 were  given  a liter  of  a young  bouillon  culture.  One-half  of  i 
this  was  given  as  drink,  the  other  half  soaked  on  dry  bread.  The  rats 
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ate  and  drank  most  of  it  greedily.  On  May  17  and  May  18  this  was 
repeated.  Xo  other  food  was  allowed  ; so  that  in  all  the  33  rats  ingested 
almost  3 liters  of  the  virus  in  three  days. 

Died. 


May  20,  four  days  aftor  feeding 4 

May  21,  five  days  after  feeding 4 

May  22,  six  days  after  feeding 1 

Total 9 


Nine  of  the  33  rats  died.  Death  came  rather  suddenly.  The  others 
remained  apparently  healthy.  An  increased  desire  to  drink  probably 
indicated  a feverish  condition  in  some  of  them.  Ordinarily  rats  die 
rather  slowly  from  the  effects  of  this  virus.  They  have  fever,  show 
symptoms  of  distress,  they  are  weak  and  prostrated,  and  refuse  food  for 
a day  or  two  before  death. 

It,  therefore,  seems  plain  that  the  ingestion  of  a small  amount  of  the 
virus  killed  a few  of  the  susceptible  rats — 7 out  of  70,  and  left  the  sur- 
vivors with  a considerable  protection,  for,  after  feeding  them  for  three 
days  with  overpowering  doses,  only  9 died  out  of  33. 

TEN  EATS  EEFED  ON  10  C.  C.  OF  BOUILLON  CULTUEE. 

Ten  of  the  rats  that  resisted  experiment  No.  1 were  separated  in  a 
cage  and  subsequently  fed  with  10  c.  c.  of  a young  bouillon  culture 
soaked  on  bread.  This  produced  no  effect. 

TEN  EATS  EEFED  ON  2 AGAE  SLANTS. 

Ten  of  the  rats  that  resisted  experiment  No.  1 were  subsequently  fed 
with  2 agar  slants,  shaken  in  water  and  soaked  on  bread  in  accord- 
ance with  instructions  of  Danyz.  This  produced  no  effect. 

TEN  EATS  GIVEN  DEAD  EATS  TO  EAT. 

Ten  of  the  rats  that  resisted  experiment  No.  1 were  placed  in  a 
separate  cage  and  deprived  of  all  food  for  four  days,  during  which 
time  rats  sick  and  dead  of  the  infection  were  placed  in  the  same  cage. 
They  refused  to  touch  the  dead  bodies.  None  of  the  10  rats  took  the 
disease. 

It  is  evident  from  the  foregoing  experiments  that  small  primary  doses 
are  uncertain  in  their  effects. 

Another  test  was  made,  using  large  overpowering  doses  from  the 
start. 

No.  2.  TWENTY-SEVEN  EATS  FED  ON  VERY  LAEGE  QUANTITIES  OF 

CULTUEE. 

Twenty-seven  white  and  gray  rats  were  deprived  of  food  for  twenty- 
four  hours  and  then  given  (April  11)  a liter  of  a young  bouillon  culture 
of  the  virus  soaked  on  bread.  In  addition  the}’  were  given  another 
2 


10 


liter  of  the  culture  as  drinh,  aud  6 agar  slants.  They  ate  most  of  the 
bread  during  the  night,  and  drank  a considerable  quantity  of  the  liquid. 
Two  days  following  (April  13)  they  were  given  another  liter  of  a young 
culture  soaked  on  bread.  On  this  day  the  rats  seemed  sick,  1 died. 
They  ate  little  or  none  of  the  bread,  but  licked  up  all  the  liquid.  On 
April  11,  the  third  day,  the  rats  were  sick,  very  thirsty,  refused  food, 
2 were  dead.  From  this  on,  the  rats  refused  food  and  succumbed  one 
after  another  until  all  were  dead — 


Two  days  after  feeding.. 
Three  days  after  feeding 
Four  days  after  feeding.. 
Five  days  after  feeding.. 
Six  days  after  feeding.... 


Died, 
. 1 

. 2 
10 
. 7 


Total 2' 


All  these  27  rats,  then,  died  within  a week  after  being  fed  with  an 
overpowering  amount  of  the  virus. 

The  result,  therefore,  seems  to  depend  on  the  amount  ingested  as  well 
as  the  virulence  of  the  cultures. 

RATS  AXD  MICE  FED  OX  TOXINS. 


A toxin  was  made  by  growing  the  organism  in  flasks  containing  1 
per  cent  peptone  bouillon.  The  flasks  were  left  over  night  in  the  incu- 
bator at  37°  C.,  and  then  the  growth  continued  at  room  temperature. 
At  the  end  of  two  weeks  the  cultures  were  killed  by  exposing  the  flasks 
to  70°  C.  for  several  hours.  The  resulting  product  was  fed  to  mice  and  : 
rats,  and  was  found  to  produce  a certain  toxic  effect.  It  seems  very 
probable  that  the  toxin  favors  the  pathogenic  action  of  the  organism.  ! 
This  question,  not  having  a direct  practical  bearing  on  this  particular  ; 
subject,  will  be  discussed  at  another  time.  It  may  be  stated  here,  how- 
ever, that  animals  fed  on  the  toxin  seem  to  acquire  a certain  amount 
of  immunity  against  the  virulent  cultures. 

VARIOUS  METHODS  OF  FEEDING.  ; 

Eats  were  fed  upon  the  organs  (livers  and  spleens)  of  other  rats  dead 
of  the  infection,  and  in  other  ways,  without  producing  any  efi'ect. 

THE  SURVIVORS  FED  ON  LARGE  QUANTITIES. 

Finally,  I had  about  60  rats,  which  had  survived  the  various  experi-  I 
ments,  on  my  hands.  I fed  them  all  with  large  amounts  of  cultures  in  ; 
order  to  get  rid  of  them.  They  were  given  as  much  of  the  cultures  as 
they  could  be  induced  to  eat,  every  day  for  a week,  without  apparent 
efi'ect.  The  immunity  produced  is,  therefore,  very  positive  and  lasts  j 
at  least  several  months.  ! 
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sum:niary. 

The  substance  known  as  Danyz’s  Virus  consists  of  a culture  of  a bacil- 
lus belonging  to  the  para  colon  group.  It  appears  to  be  indeutical  with 
the  bacillus  typhi  murium  of  Loeffler. 

This  organism  is  naturally  pathogenic  for  mice,  in  which  rodents  it 
sometimes  produces  spontaneous  epizootics.  Its  virulence  has  been 
raised  and  specialized  by  artificial  means  in  the  laboratory,  so  that  it 
has  become  fatal  for  rats  by  ingestion.  This  artificial  virulence  is  not 
very  stable.  It  may  be  maintained  under  special  conditions  a few 
months,  but  the  virulence  is  apt  to  fall  off,  especially  on  exposure  to 
light  and  air. 

As  far  as  rats  are  concerned,  the  effect  depends  somewhat  on  the 
amount  ingested.  Large  amounts  are  frankly  fatal.  Small  quantities 
are  uncertain.  Eats  that  survive  the  ingestion  of  the  virus  are  ren- 
dered immune.  Such  rats  may  eat  large  amounts  of  the  virulent  virus 
with  impunity. 

The  infection  caused  in  rats  by  eating  the  virus  has  feeble  power  of 
propagating  itself  from  rat  to  rat.  It,  therefore,  can  not  produce  a wide- 
spread epizootic  among  these  rodents.  In  practical  use  it  must  be 
spread  around  so  that  as  many  of  the  rats  as  possible  will  eat  it. 

In  many  respects  it  resembles  a chemical  poison,  with  this  great 
advantage,  viz,  that  it  is  harmless,  in  so  far  as  known,  to  man  and 
domestic  animals.  It  has  the  great  disadvantage,  that  chemical  poisons 
do  not  possess,  of  rendering  the  animals  immune  by  the  ingestion  of 
amounts  that  are  insufficient  to  kill,  or  by  the  ingestion  of  cultures  that 
have  lost  a little  of  their  virulence. 

In  my  experiments  I succeeded  in  killing  less  than  half  the  number 
(46  out  of  115)  of  rats  fed.  The  conditions  in  a cage  are  so  much  more 
favorable  for  the  fatal  action  of  the  virus  than  could  possibly  be  the 
case  in  nature  that  it  is  safe  to  assert  that  a less  number  would  succumb 
in  a wild  state. 

The  virus  may,  therefore,  be  used  as  one  of  the  means  in  the  fight 
against  rats,  bat  it  is  far  from  being  a sure  means  of  exterminating 
these  ro<lents  in  a particular  place. 
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DISINFECTION  AGAINST  MOSQUITOES  WITH  FORMALDEHYD 

AND  SULPHUR  DIOXID. 


[By  M.  J.  Rosenau,  Passed  Assistant  Surgeon,  Director  of  the  Hygienic  Laboratory, 

U.  S.  Marine-Hospital  Service.] 

Until  lately,  mosquitoes  and  flies  were  looked  upon  merely  as  annoy- 
ances, but  since  it  has  been  proved  that  they  are  able  to  transmit  the 
infection  of  pestilential  diseases,  we  must  now  regard  them  as  danger- 
ous vermin.  When  the  matter  is  generally  understood,  it  will  be  a 
greater  reproach  to  the  housewife  to  have  mosquitoes  and  flies  in  the 
home  than  bed  bugs,  and  it  is  the  duty  of  sanitarians  to  spread  an  abhor- 
rence for  these  most  common  and  most  dangerous  of  domestic  pests. 

The  mosquito  is  known  to  transmit  the  infection  of  malaria  and  filari- 
asis.  The  theory  of  Finlay,  so  brilliantly  proven  by  Eeed  and  his  col- 
leagues (Carroll,  Lazear,  and  Agramonte)  of  the  Army  Medical  Com- 
mission, that  the  mosquito  transmits  yellow  fever  must  now  be  accepted 
as  an  established  fact.  One  of  the  next  problems  is  the  destruction  of 
the  infected  mosquitoes,  and  we  have  undertaken  the  following  work 
to  test  the  insecticidal  value  of  formaldehyd  gas  and  sulphur  dioxid 
in  the  work  of  practical  disinfection  : 

METHODS. 

In  our  experiments  we  have  endeavored  to  imitate  the  conditions 
found  in  actual  practice  in  so  far  as  they  were  compatible  with  accurate 
control  of  the  results. 

The  mosquitoes  used  were  good  specimens  of  the  Cidex  pungens  raised 
in  our  laboratory.  The  insects  were  from  one  to  seven  days  old  and 
consisted  of  males  and  females  in  about  equal  proportions.  They  were 
exposed  in  battery  jars  covered  with  gauze,  or  in  small  pill  boxes  with 
gauze  lids.  The  battery  jars  were  used  in  order  to  allow  the  moscjui- 
toes  to  seek  and  choose  their  own  iTrotection.  To  this  end,  crumpled 
crash  toweling  and  paper,  sometimes  dry,  sometimes  moist,  were  placed 
loosely  in  the  jars.  It  was  always  found  that  the  insects  would  hide  in 
the  more  remote  folds  and  corners,  thus  often  entirely  escaping  the 
stronger  pei  centages  of  the  gas. 

After  this  self-protecting  instinct  was  clearly  demonstrated,  mosquitoes 
were  placed  in  pill  boxes,  as  with  tliese  we  were  able  to  expose  the  insects 

Acknowledgment. — I am  pleased  to  acknowledge  the  assistance  rendered  by  Asst. 
Surg.  S.  B.  Grubbs,  U.  S.  Marine-Hospital  Service,  not  only  in  conducting  under  my 
direction  about  half  of  the  experiments,  but  for  valuable  sugge-stions  throughout  the  . 
work. 
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under  definite  conditions,  and  to  determine  exactly  the  amount  of  pro- 
tection required  to  prevent  the  penetration  of  the  gas  to  the  mosquitoes 
in  sufficient  strength  to  kill  them. 

The  pill  boxes  were  small  cylindrical  cardboard  boxes,  one-half  an 
inch  high  by  one  and  one-half  inches  in  diameter.  The  lid  of  each  box 
was  replaced  with  gauze  mosquito  netting. 

Mosquitoes  thus  confined  often  die  within  twenty-four  hours  under 
favorable  conditions  of  temperature  and  moisture.  Therefore,  if  one 
survives  in  a box  containing  several  insects,  the  death  of  the  others 
must  not  be  attributed  to  the  effects  of  the  disinfecting  gas.  All  the 
mosquitoes  in  the  box  must  be  dead  to  draw  positive  conclusions. 

Another  advantage  of  these  boxes  was  that  we  were  enabled  to  com- 
pare the  germicidal  with  the  insecticidal  power  of  the  gases  used. 
Cultures  of  bacteria  were  exposed  upon  slips  of  paper  in  similar  pill 
boxes,  which  were  sterilized  for  this  purpose.  These  boxes  containing 
the  cultures  were  placed  alongside  the  boxes  containing  the  mosquitoes, 
so  that  the  two  were  subjected  to  exactly  similar  conditions  as  far  as 
that  was  possible. 

The  cultures  were  exposed  upon  sterile  strips  of  white  filter  paper.  ; 
The  spores  of  the  hay  bacillus  and  of  anthrax  were  thoroughly  dried  in  ; 
the  incubator  at  37°  C.  Eich  garden  earth  was  emulsified  with  water 
and  the  strips  impregnated  with  the  suspension.  These  were  always  dried 
before  being  exposed.  Fresh  young  cultures  of  a staphylococcus,  pyo-  ; 
cyaneus,  and  bacillus  icteroides  were  used  to  inoculate  the  slips  and  were  i 
exposed  moist  and  freshly  prepared.  These  were  selected  as  represent-  ! 
ative  of  the  non- spore-bearing  group  of  microorganisms. 

In  some  of  the  experiments  the  bacteria  and  the  mosquitoes  were  i 
not  expsed  under  precisely  similar  conditions.  In  such  cases,  noted 
hereafter,  the  slips  of  paper  impregnated  with  the  cultures  were 
placed  in  Petri  dishes,  in  envelopes,  and  in  small  boxes.  The  Petri  i 
dishes  were  opened  so  that  the  gas  could  gain  free  access  to  the  test  i; 
slips.  The  envelopes  were  not  sealed.  The  boxes  were  small  cardboard  i 
cylinders  about  2 inches  long  by  1 inch  in  diameter,  with  5 small 
holes  punched  in  both  top  and  bottom  to  permit  the  entrance  of  the  gas. 

FORMALDEHYD  GAS. 

It  is  a well-known  fact  that  formaldehyd  gas  readily  enters  into  com- 
bination with  the  protoplasm  of  the  lower  forms  of  vegetable  life,  I 
which  makes  it  a very  efficient  germicide.  It  is,  however,  not  toxic  i 
to  the  higher  forms  of  animal  life.  It  is  very  irritating  in  its  effect  , 
upon  the  mucous  membranes  of  rats,  mice,  guinea  pigs,  rabbits,  and  i 
mammalian  animals  generally,  but  not  necessarily  fatal,  even  after  pro-  ! 
longed  exposures.  Many  insects,  such  as  roaches  and  the  like,  may  be 
exposed  to  strong  concentrations  of  the  gas  a long  time  without  apparent  - 
effect.  - I 
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Formaldehyd  gas  kills  mosquitoes  whenever  the  gas  comes  in  direct 
contact  with  them  in  sufficient  concentration  and  for  a sufficient  length 
of  time.  When  exposed  directly  to  the  gas  produced  by  any  of  the 
methods  commonly  used  for  disinfecting  purposes,  the  mosquitoes  die 
within  few  minutes.  If  the  insects  are  confined  in  a bell  jar  and  some 
formalin  is  dropped  inside,  they  soon  show  signs  of  agitation  and  shortly 
drop  down,  dead.  They  may,  however,  live  over  night  in  a very  feeble 
atmosphere  of  the  gas. 

The  conditions  necessary  to  obtain  this  direct  contact,  however,  can 
not  always  be  obtained  in  actual,  practice.  Booms  are  frequently  not 
tight  enough  to  obtain  the  concentration  of  the  gas  required.  The 
mosquitoes  can  not  be  held  in  direct  contact  with  the  gas,  for  their 
sense  of  self-preservation  helps  them  to  escape.  The  period  of  irrita- 
tion, lasting  several  minutes  even  in  the  bell  jar,  enables  the  insects  to 
hide*  in  available  places,  such  as  the  folds  of  garments,  hangings,  or 
fabrics,  or  in  the  cracks  and  crevices  where  the  gas  only  reaches  in  a 
diluted  form.  If  the  room  is  not  thoroughly  sealed,  some  of  the 
mosquitoes  will  surely  get  away,  for  their  instinct  in  finding  tiny 
avenues  of  escape  is  remarkable.  The  escape  of  one  infected  mosquito 
might  be  the  spark  that  would  rekindle  an  epidemic. 

In  general,  it  may  be  stated  that  to  succeed  in  killing  mosquitoes  in  a 
closed  space  with  formaldehyd  gas,  the  following  definite  requirements 
are  essential.  A large  volume  of  the  gas  must  be  liberated  quickly,  so 
that  it  may  diffuse  to  all  portions  of  the  room  in  sufficient  concentra- 
tion. The  room  must  not  have  cracks  and  chinks  where  the  insects 
will  breathe  the  fresh  air  entering,  especially  if  these  openings  are  to 
windward.  The  room  must  not  have  heavy  drapery,  clothing,  bed- 
ding, or  other  fabrics,  so  disposed  that  the  insects  may  hide  in  the  folds, 
away  from  the  full  effects  of  the  gas. 

Four  methods  of  evolving  formaldehyd  gas  were  used,  namely : 

1.  The  sheet  method. 

2.  The  Kuhn  lamp. 

3.  The  Trenner-Lee  formaldehyd  disinfector. 

4.  The  autoclave. 

THE  SHEET  METHOD. 

This  method  was  applied  by  hanging  sheets  in  the  room  and  spraying 
formalin  (40  per  cent)  upon  them  by  means  of  Dr.  Behni’s  formaldehyd 
sprinkler.  The  solution  was  sprinkled  on  the  sheet  in  small  drops  in 
order  to  facilitate  evaporation  and  prevent  polymerization.  For  bac- 
terial disinfection,  5 ounces  of  the  solution  are  prescribed  for  each  1,000 
cubic  feet  of  space,  the  time  of  exposure  to  be  not  less  than  five  hours. 

No.  1. 

In  a room  of  2,000  cubic  feet  capacitj*,  4 sheets  were  hung  on  cords 
crossing  the  room.  Twenty  ounces  (600  c.  c.)  of  formalin  (40  per  cent) 
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were  sprayed  on  the  sheets  and  the  room  was  closed.  This  room  has  2 
doors  and  4 windows,  is  of  wooden  construction,  and  rather  leaky.  The 
windows  and  doors  were  simply  closed  and  no  pasting  or  calking  was 
done.  Time  of  exposure,  six  hours. 


Mosquitoes. 

In  battery  jar  one-tMrd  full  of  absorbent  cotton  and  crumpled  toweling.. 
In  pill  boxes — 

1.  In  single  fold  of  a towel 

2.  In  double  fold  of  a towel ‘ 

3.  Polled  loosely  in  a towel 

In  large  test  tubes — 

1.  Very  thin  layer  cotton  tied  over  mouth 

2.  Very  thin  cotton  stopper 

3.  Ordinary  cotton  stopper,  inches 

4.  Large  cotton  stopper,  24  inches 


Dead.  Alive. 

0 12 

0 3 

0 2 

0 3 

1 0 

0 1 

0 . 1 

0 1 


In  order  to  compare  the  effect  upon  mosquitoes  with  the  germicidal 
power  of  the  gas,  bacteria  were  exposed  at  the  same  time  as  follows : 


Garden 

earth. 

Subtilis 

spores. 

Anthrax 

spores. 

Staphy- 

lococcus. 

Pyocya- 

neus. 

Icter- 

oides. 

In  envelopes,  not  sealed 

+ 

_ 

_ 

- 

In  Petri  dishes 

+ 

— 

— 

— 

— 

— 

In  paper  boxes,  perforated  ends 

-h 

+ 

~T 

— 

— 

— 

Note. — Throughout  these  experiments  means  growth,  and  — no  growth. 


From  this  experiment  it  appears  that  the  formaldehyd  was  strong 
enough  in  the  six  hours’  exposure  to  kilt  all  the  non-spore-bearing  organ- 
isms and  some  of  the  spores,  but  that  it  had  no  effect  upon  the  mosqui- 
toes, protected  as  they  were  by  various  layers  of  towel  or  cotton. 

As  the  insects  and  the  bacteria  were  not  exposed  under  precisely 
similar  conditions,  the  following  experiment  was  made  : 

I 

No.  2.  I 

[ 

The  conditions  of  this  experiment  were  similar  to  those  of  No.  1, 
excepting  the  time  of  exposure  was  lengthened  to  twenty  hours.  The 
same  room  of  2,000  cubic  feet  capacity  was  used  and  20  ounces  (600  c.c.) 
of  formalin  (40  per  cent)  were  sprayed  upon  4 sheets. 

This  time  the  mosquitoes  and  the  paper  slips  impregnated  with  the 
cultures  of  bacteria  were  exposed  under  exactly  the  same  conditions. 
The  insects  were  confined  in  little  pill  boxes  with  the  gauze  covers 
described  above.  The  slips  of  paper  impregnated  with  the  cultures 
were  placed  in  precisely  similar  boxes,  the  only  difference  being  that 
the  boxes  were  sterilized  before  receiving  the  slips.  One  series  of  boxes  - 
contained  the  mosquitoes,  another  subtilis  spores,  and  the  third  pyocya-  i 
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neus.  These  3 series  were  exposed  side  by  side  under  the  conditions  as 
noted  in  the  following  table  : 


IMosquitoes. 

Bacteria. 

Dead. 

Alive. 

Subtilis 

spores. 

Pymcy’a- 

neus. 

In  pill  boxes; 

In  pocket  of  duck  coat  hung:  on  wall,  pocket  toward  wall.. 

% 

3 

1 

Same  as  above,  except  pocket  open  and  turned  out 

5 

0 

+ 

— 

Under  2 layers  of  damp  toweling 

5 

7 

[ -|- 

— 

Under  2 layers  of  dry  toweling 

4 

0 

— 

In  pocket  of  overalls  hung  on  wall,  pocket  closed  and 
hung  against  the  wall 

1 

4 

-1- 

Control ; exposed  to  the  gas  without  protection 

4 

0 

— 

It  is  perfectly  plain  from  this  experiment  that  the  mosquitoes  exposed 
freely  to  the  action  of  formaldehyd  are  killed.  They  are,  however,  able 
to  survive  an  exposure  to  less  concentrated  atmospheres  of  the  gas. 
They  lived  in  the  pocket  of  a coat  and  overalls,  and  under  a few  layers 
of  toweling,  despite  the  fact  that  the  gas  penetrated  to  these  places  in 
sufihcient  strength  to  kill  pyocyaneus  and  sometimes  dry  subtilis  spores, 
lying  right  alongside  of  the  insects,  and  exposed  to  precisely  similar 
conditions. 

The  conclusion  is  evident,  therefore,  that  in  rooms  where  the  mos- 
quitoes may  have  similar  places  to  hide,  this  method  is  not  available. 

THE  KUHN  LAMP. 

This  lamp  operates  upon  the  principle  of  dehydrating  methyl  alcohol 
into  formic  aldehyd.  The  vapor  of  the  alcohol  is  passed  over  incan- 
descent platinum  in  a state  of  fine  division  upon  perforated  asbestos 
discs.  In  practical  disinfection  against  bacteria,  20  ounces  of  wood 
alcohol  are  prescribed  for  each  1,000  cubic  feet  of  air  space,  the 
exposure  to  be  not  less  than  six  hours. 

No.  3. 

In  the  room  of  2,000  cubic  feet  capacity  described  in  experiment  No. 
1,  40  ounces  of  wood  alcohol  were  consumed  in  a Kuhn  lamp.  The 
time  of  exposure  was  twenty-four  hours.  Temperature  81°  to  87°  F.  The 
mosquitoes  and  the  slips  containing  the  cultures  were  in  similar  boxes, 
and  exposed  side  by  side  to  the  same  conditions,  as  follows  : 


Mosquitoes. 

Bacteria. 

Dead. 

Alive. 

Subtilis 

spores. 

Pyocya- 

neus. 

In  pill  boxes : 

Under  1 layer  damp  toweling 

1 

2 

+ 

Under  2 lay’ers  damp  toweling 

1 

2 ' 

+ 

— 

Under  4 layers  damp  toweling 

4 

0 

+ 

— 

Under  4 layers  dry  toweling  

2 

1 

+ 

Lost. 

Wrapped  in  dry  towel,  4 layers 

5 

0 

+ 

— 

W’ rapped  in  damp  towel,  4 layer.s 

4 

0 

-f- 

-b 

In  overalls  pocket  (damp),  hung  up,  pocket  toward  wall... 

0 

4 

-b 

— 

In  overall  (dry),  hung  up,  pocket  turned  out 

0 

4 ' 

+ 

— 

In  canvas  mail  sack,  mouth  tied 

0 

4 

+ 

— a 

Under  pile  of  loose  clothes 

1 

3 

-f- 

-b 

Control,  in  air-tight  jar,  dry' 

0 

3 

+ 

-b 

Control,  in  air-tight  jar,  with  moisture 

2 

1 

-b 

+ 

a Contaminated. 
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The  conditions  of  this  test  corresponded  about  to  the  requirements  of 
bacterial  disinfection,  the  time  of  exposure  being  longer  than  necessary 
to  destroy  surface  infection. 

From  this  test  it  is  again  plainly  shown  that  the  formaldehyd  gas 
penetrates  in  sufficient  strength  to  kill  a non-spore-bearing  organism 
(pyocyaneus)  into  j)Ockets  of  overalls  or  through  1 layer  of  toweling, 
but  not  in  sufficient  strength  to  kill  mosquitoes.  There  seems  to  be  an 
analogy  between  these  insects  and  the  resistance  shown  by  the  spores. 

The  fact  that  some  of  the  mosquitoes  die  when  confined  in  a little  pill 
box  for  twenty-four  hours  should  not  be  taken  as  an  indication  that  they 
were  killed  by  the  gas,  for  mosquitoes  thus  confined,  even  under  favor- 
able circumstances  of  moisture  and  temperature,  often  die.  It  is  very 
common  in  our  controls  to  find  half  or  more  of  the  insects  dead  within 
twenty-four  hours;  therefore,  if  1 mosquito  survives  the  exposure,  we 
consider  that  the  death  of  the  others  in  the  same  box  was  not  due  to  the 
effects  of  the  gas. 

Ho.  4. 

This  test  was  made  in  a small  closet  with  1 window,  capacity,  250 
cubic  feet.  About  17  ounces  (500  c.  c.)  of  wood  alcohol  were  consumed 
in  a Kuhn  lamp.  This  is  an  excess  of  nearly  4 times  the  usual  quan- 
tity required  in  disinfection.  The  room  is  of  fairly  tight  construction 
and  the  door  and  window  were  closed  without  sealing  or  pasting.  The 
temperature  during  the  exposure  was  82°  to  86°  F.  The  time  of 
exposure,  twenty  hours. 

The  mosquitoes  and  the  bacteria  in  this  test  were  exposed  in  the  pill 
boxes  to  the  same  conditions,  as  follows : 


Mosquitoes. 

Bacteria. 

Dead. 

Alives 

Subtilis 

spores. 

Pyocya- 

neus. 

In  pill  boxes : 

Under  2 layers  of  damp  toweling 

3 

2 

-b 

Under  2 layers  of  dry  toweling 

5 

0 

-f 

— 

In  pocket  duck  coat,  hanging  on  wall,  pocket  turned  to 
wall 

6 

0 

+ 

In  pocket  duck  coat,  pocket  stands  open 

4 

0 

— 

In  closed  pocket  of  trousers,  hung  up 

4 

0 

-f 

— 

Controls,  exposed  without  protection 

3 

0 

+ 

— 

It  is  evident  that  even  excessive  amounts  of  the  gas,  such  as  were 
employed  in  this  test,  are  not  sure  insecticides  if  the  mosquitoes  are  not 
exposed  directly  to  the  action  of  the  gas.  Note  that  2 out  of  5 mos- 
quitoes  survived  under  2 layers  of  damp  toweling.  Despite  the  large 
amount  of  wood  alcohol  oxidized  in  the  lamp,  there  was  not  enough 
formaldehyd  gas  generated  to  kill  the  subtilis  spores  exposed  as  controls. 
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THE  TRENNER-LEE  FORMALDEHYD  DISINFECTOR. 

This  apparatus  depends  upon  the  principle  of  generating  the  forinal- 
dehyd  gas  from  its  watery  solution,  plus  1 per  cent  of  glycerin,  by  dis- 
tillation from  a retort  without  pressure.  For  the  purposes  of  disinfection 
against  bacteria  12  ounces  of  formalin  (40  per  cent)  are  prescribed  for 
each  1,000  cubic  feet  of  air  space. 

Ko.  5. 

This  experiment  Tvas  made  in  the  same  room,  of  2,000  cubic  feet 
capacity,  as  No.  1,  and,  as  before,  no  calking  or  pasting  was  done. 
Twenty  ounces  of  formalin  (40  per  cent),  with  the  addition  of  1 per  cent 
of  glycerin,  were  distilled  in  the  Trenner-Lee  apparatus.  It  required 
about  forty -five  minutes  to  evaporate  this  quantity.  The  room  was 
kept  closed  six  hours. 

The  cultures  of  bacteria  were  exposed  as  follows : 


Paper  slips  impregnated  with — 

Garden 

earth. 

Subtilis 

spores. 

Anthrax 

spores. 

Staphy- 

lococcus. 

Pyocya- 

neus. 

Icter- 

oides. 

In  envelopes,  not  sealed 

-f 

-f 

+ 

_ 

_ 

In  Petri  dishes,  open 

-f- 

+ 

— 

— 

I.ost. 

— 

In  paper  boxes,  perforated  ends 

+ 

+ 

+ 

-f 

— 

— 

Mosquitoes  were  exposed  as  follows  : 

Dead.  Alive. 

In  a battery  jar  containing  crumpled  paper  and  a crumpled  towel,  loosely 
filling  about  half  the  jar  (the  object  was  to  afford -a  hiding  place  for 


the  mosquitoes) 0 12 

In  pill  boxes — 

Covered  with  1 layer  toweling 0 5 

Covered  with  2 layers  toweling 0 6 

Covered  with  4 layers  toweling 0 4 

Under  2 layers  moist  tissue  paper 0 5 

Wrapped  in  4 layers  damp  toweling 0 8 

Wrapped  in  6 layers  damp  toweling 0 7 

Rolled  4 times  in  a towel,  ends  not  closed 2 6 

Rolled  10  times  in  a towel,  ends  not  closed 0 4 


In  this  experiment  the  insects  succeeded  in  hiding  in  tlie  remote  folds 
of  the  paper  and  towel  in  tlie  battery  jar,  so  that  they  escaped  the  effects 
of  the  gas,  which  was  in  sufficient  strength  to  kill  most  of  the  non-spore- 
bearing organisms.  Almost  all  the  insects  survived  the  other  conditions 
of  this  test.  Short  exposures  (six  hours)  to  the  ordinary  percentages 
are,  therefore,  not  enough  to  kill  mosquitoes  with  as  slight  a protection  as 
1 layer  of  a crash  towel. 
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Xo.  6. 

This  experiment  was  done  under  the  same  conditions  as  the  preceding. 
Six  hundred  cubic  centimeters,  or  about  20  ounces  of  formalin,  were 
again  used  in  the  Trenner-Lee  formaldehyd  disinfector.  The  exposure 
this  time,  however,  was  eighteen  hours,  and  the  mosquitoes  and  cultures 
were  placed  under  precisely  similar  conditions,  as  follows  : 


Mosquitoes. 

Bacteria. 

Dead. 

Alive. 

Garden 

earth. 

Subtilis 

spores. 

Anthrax 
sp<  res. 

Pyoeya- 

neus. 

Staphy- 
loi  occus. 

leter- 

oides. 

In  battery  jar  with 

crumpled  towel 
loosely  filling  half 
of  it 

2 

1 

In  pill  boxes — 

Under  1 layer  of 

newspaper  

o 

0 

- - - 





— 

In  corner  of 

newspaper, 
folded  twice 

2 

0 

Under  2 lavers 

dry  toweling.... 
Under  4 layers 

2 

0 

“T 

T 

— 

— 

— 

dry  toweling  ... 
W rapped  tightly 

1 

0 

~T 

+ 

— 

in  a small 
towel 

2 

1 

t 

In  open  pocket 

of  coat,  hung 
up 

2 

0 

, 

In  open  pocket 

of  duck  coat, 
hung  up 

2 

0 

"T 

+ 









On  the  fioor  un- 

der  several 
towels 

1 

1 

These  results  are  better  than  Xo.  5,  in  which  the  exposure  was  only 
six  hours,  the  other  conditions  being  similar.  However,  one  of  the 
mosquitoes  escaped  destruction  in  the  battery  jar,  one  tightly  wrapped 
in  a towel,  and  one  on  the  floor  under  several  towels  laid  loosely  in  a 
heap  over  the  boxes  containing  the  insects.  These  conditions  might  be 
found  in  actual  practice,  especially  in  bedrooms  containing  heaps  of 
clothing,  bedding,  or  other  fabrics  where  the  mosquitoes,  according  to 
our  observations,  could  readily  find  a hiding  place  where  they  might 
escape  the  action  of  the  formaldehyd. 

In  this  test  the  gas  was  in  sufficient  concentration  to  kill  all  the  non- 
spore- bearing  bacteria,  excepting  a staphylococcus  under  4 layers  of 
toweling.  Some  of  the  spores  were  also  killed  under  conditions  not 
requiring  deep  penetration. 


Xo.  7. 

In  the  third  test  with  the  Trenner-Lee  formaldehyd  disinfector  a small 
room  containing  250  cubic  feet  was  used.  This  room  is  the  same  as  the 
one  described  under  Xo.  4.  The  single  window  was  simply  closed  without 
pasting  the  cracks.  Five  ounces  of  formalin  with  1 per  cent  of  glycerin 
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were  distilled.  The  time  of  exposure  was  twenty  hours.  The  mosqui- 
toes and  the  cultures  were  exposed  in  pill  boxes  under  similar  conditions, 
as  follows : 


Mosquitoes. 

1 Bacteria. 

• 

Dead. 

Alive. 

; Subtilis 
1 spores. 

Pyocya- 

neus. 

In  pill  boxes — 

Controls,  exposed  to  the  gas  without  protection 

5 

0 

I 

Under  2 layers  of  dry  toweling 

4 

0 

— b 

— 

Wrapped  tightly  in  dry  towel,  6 layers 

7 

0 

— 

— 

Under  2 layers  of  a damp  towel 

6 

0 

-1- 

— 

In  pocket,  duck  coat,  hung  up,  with  pocket  toward  wall... 

7 

0 

+ 

— 

In  pocket  of  overalls,  folded  once  and  laid  on  floor, 
pocket  next  to  floor 

4 

2 

-h 

— 

In  trousers  pocket,  deep,  hung  up 

0 

4 

+ 

— 

In  corner  of  a folded  newspaper,  under  7 layers 

2 

6 

-h 

— 

On  floor  under  towels,  heaped  in  a pile 

2 

4 

+ 

— 

In  canvas  mail  sack,  mouth  closed 

3 

3 

1 -h 

— 

In  bottom  of  a battery  jar,  under  2 layers  toweling 

6 

0 

1 -h 

1 

— 

a Delayed.  b Contaminated. 


The  insects  survived  the  twenty  hours  exposure  in  the  pockets  of  over- 
alls and  trousers,  under  7 layers  of  newspapers,  under  a heap  of  towels, 
and  in  a canvas  mail  bag.  The  insects  under  less  severe  conditions 
were  all  killed.  The  gas  had  practically  no  effect  upon  the  dried 
spores,  although  it  penetrated  in  sufficient  quantity  to  kill  all  the 
pyocyaneus,  despite  the  fact  that  some  of  the  conditions  required 
deeper  penetration  than  is  ordinarily  the  case  in  practical  disinfection. 

THE  AUTOCLAVE. 

The  autoclave  evolves  the  formaldehyd  gas  by  heating  formalin, 
mixed  with  a neutral  salt,  in  a retort  under  a pressure  of  at  least  45 
pounds  to  the  square  inch. 

The  ordinary  requirement  with  this  form  of  apparatus  in  disinfecting 
against  bacteria  is  to  use  10  ounces  of  the  formalin  solution  for  each  1,000 
cubic  feet  of  air  space  with  an  exposure  varying  from  two  to  twenty-four 
hours.  The  United  States  Quarantine  Regulations  require  a twelve 
hours  exposure  and  400  c.  c.,  or  about  13  ounces  per  1,000  cubic  feet  of 
space. 

It  is  true  that  in  this  process  not  all  the  solution  put  in  the  retort  is 
evaporated,  and  the  amount  remaining  is  noted  under  each  experiment. 
However,  there  is  very  little  formaldehyd  in  the  residue,  for  in  an 
apparatus  evolving  gas  under  pressure,  especially  if  a neutral  salt 
glycerin  has  been  added  to  raise  the  boiling  point,  practically  all  the 
gas  passes  off  with  the  first  half  of  the  liquid. 

No.  8. 

This  experiment  was  done  in  the  room  of  2,000  cubic  feet  previously 
described.  (See  No.  1.)- Twenty  ounces  (600  c.  c. ) of  glyco  chloro- 
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formol  was  used.  This  is  a mixture  of  formalin  with  20  per  cent  of 
calcium  chlorid  and  10  per  cent  of  glycerin.  About  4 ounces  of  the 
solution  remained  in  the  retort  after  the  operation.  The  time  of  exposure 
was  twelve  hours,  making  the  conditions  correspond  about  to  the  require- 
ments as  laid  down  in  the  United  States  Quarantine  Eegulations.  The 
temperature  of  the  room  during  this  experiment  was  72°  to  87°  F. 

The  mosquitoes  and  the  cultures  were  exposed  in  the  pill  boxes,  placed 
side  by  side,  so  that  the  conditions  were  as  nearly  alike  as  possible. 


Mosquitoes. 

Bacteria. 

Dead. 

Alive. 

Subtilis 

spores. 

Pyocya- 

neus. 

In  pill  boxes — 

Under  1 layer  damp  towel 

2 

2 

+ 

Under  2 layers  damp  towel 

3 

1 

+ 

— 

Under  4 layers  damp  towel 

0 

2 

-f 

— 

Under  4 layers  dry  towel 

2 

5 

-F 

— 

Wrapped  in  4 layers  dry  towel 

0 

1 

-f 

— 

Wrapped  in  4 layers  damp  towel 

0 

3 

-f 

— 

In  damp  pocket  of  overalls,  hung  up 

0 

4 

-f 

— 

In  dry  pocket  of  overalls,  hung  up 

10 

5 

+ 

— 

In  mail  bag,  mouth  tied 

0 

8 

+ 

— a 

Under  pile  of  towels,  loosely  heaped 

1 

4 

+ 

— 

On  wall  behind  a duck  coat 

3 

3 

Lost. 

— 

Control,  in  air-tight  jar,  with  moisture 

2 

2 

+ 

-f 

a Contaminated. 


From  this  test  it  is  plain  that  the  requirements  of  the  United  States 
Quarantine  Eegulations,  which  are  sufficient  to  destroy  non-spore- 
bearing bacteria  in  the  pockets  of  clothing  or  under  4 layers  of  towels, 
are  impotent  to  destroy  mosquitoes  similarly  protected.  Some  of  the 
insects  survived  in  each  one  of  the  boxes.  Even  in  the  control  box 
2 of  them  were  dead.  It  is,  therefore,  plain  that  the  occasional  deaths 
in  all  the  other  cases  can  not  be  attributed  to  the  effects  of  the  gas. 

The  analogy  between  the  resistance  of  the  spores  and  the  resistance 
of  the  mosquitoes  is  strikingly  shown  in  this  test. 

No.  9. 

The  second  experiment  with  the  autoclave  was  done  in  the  same  room 
as  the  above,  but  under  different  conditions.  The  exposure  was  short 
and  the  percentage  of  formaldehyd  very  high.  Two  thousand  cubic  centi- 
meters, or  about  65  ounces,  of  the  glyco-chloro-formol  solution  was  used. 
This  is  3 times  the  amount  required  for  ordinary  disinfection.  After  a 
pressure  of  60  pounds  to  the  square  inch  was  obtained,  the  gas  was 
allowed  to  enter  the  room.  The  operation  was  continued  at  this  pressure 
for  fifteen  minutes.  One-half  of  the  liquid  remained  in  the  autoclave 
at  the  close  of  the  operation. 

The  total  time  of  exposure  was  two  hours  and  fifteen  minutes,  counted 
from  the  time  the  gas  was  first  allowed  to  enter  the  room.  The  tem- 
perature of  the  room  during  4he  test  was  81°  to  89°  F. 
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The  bacteria  were  exposed  as  follows : 


■ 

Garden 

earth. 

Subtilis 

spores. 

Anthrax 

spores. 

Staphy- 

lococcus. 

Pyocya- 

neus. 

Icter- 

oides. 

In  envelopes,  not  sealed 

+ 

+ 

-f 

In  Petri  dishes,  open 

In  paper  boxes 

-f 

The  mosquitoes  were  exposed  as  follows  ; 

In  a battery  jar — 

1.  Covered  with  mosquito  netting  only 

2.  One-third  full  of  crumpled  toweling  and  tissue  paper  loosely 

tucked  in  to  afford  a hiding  place 

3.  Two-thirds  full  of  paper  and  toweling  to  afford  a hiding  place... 
In  pill  boxes — 

1.  Between  sheets  of  a folded  newspaper 

2.  Under  1 sheet  of  newspaper 

3.  Under  1 layer  of  dry  toweling 

4.  Under  2 layers  of  dry  toweling 

5.  Wrapped  in  1 layer  of  damp  toweling 

6.  Wrapped  in  2 layers  of  damp  toweling 

7.  Wrapped  tightly  in  small  damp  towel 

8.  Wrapped  twice  in  a damp  towel  and  that  covered  with  a dry 

towel 

9.  Stuck  to  wall  with  a damp  towel  hung  directly  over  the  box 

10.  Same  with  a dry  towel  hung  over  it,  1 inch  from  box 

11.  Same  with  2 dry  towels  hung  over  the  box 

12.  In  outside  overcoat  pocket,  8 inches  deep 

13.  In  inside  pocket  of  overcoat 

* 

14.  On  floor,  under  2 crumpled  towels,  piled  in  a heap 

15.  On  floor  under  a pile  of  towels 


Dead.  Alive. 

15  0 

1 11 

0 12 

0 2 

8 0 

6 0 

1 2 

7 0 

6 1 

0 4 


0 4 
8 1 
14  0 
8 0 
0 7 
0 5 
0 4 
0 2 


The  mosquitoes  and  the  cultures  were  not  exposed  under  precisely 
similar  conditions,  so  that  an  exact  comparison  can  not  be  drawn  between 
the  insecticidal  and  germicidal  power  of  th«  gas  in  this  test. 

Here  it  is  again  evident  from  the  tests  made  with  the  battery  jars  that 
the  mosquitoes  have  the  ability  to  protect  themselves  by  seeking  hiding 
places  in  the  folds  of  the  towel  and  tissue  paper. 

In  this  test  the  high  percentage  of  the  gas  had  sufficient  germicidal 
power  to  kill  all  the  non-spore-bearing  organisms  and  many  of  the  spores 
during  the  short  exposure.  • 

No.  10. 


This  test  was  made  with  the  autoclave  in  the  same  room  of  2,000  cubic 
feet  capacity  described  above.  The  gas  was  allowed  to  pass  into  the 
room  for  fifteen  minutes  under  a pressure  of  between  45  and  50  pounds 
to  the  square  inch.  As  before,  2,000  c.  c.  (about  65  ounces)  of  the  glyco- 
chloro-forinol  solution  were  used  and  1,200  c.  c.  passed  over,  leaving  a 
residue  of  800  c.  c.  in  the  retort. 
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The  time  of  exposure  was  nineteen  hours,  the  temperature  of  the  ^ 
room  being  75°  to  85°  F.  ■' 

The  mosquitoes  and  cultures  were  exposed  in  the  small  pill  boxes  i 
under  exactly  similar  conditions  as  follows : 

I 


1 

Mosquitoes.  ! 

Bacteria.  ' 

Dead, 

Alive.  1 

Subtilis 

spores. 

Pyocya-  1 
neus.  |; 

In  pill  boxes : 

Exposed  to  the  gas  without  protection 

5 

! 

0 

-f-  d 

i 

Under  2 layers  of  dry  toweling 

5 

0 

-f 

— 

Wrapped  tightly  in  a dry  towel,  8 layers 

6 

0 

+ d 

— 

Under  2 layers  of  damp  toweling 

8 

0 i 

-b 

— 

Wrapped  tightly  in  a damp  towel,  8 layers 

2 

3 1 

-b 

— 

In  pocket  of  a linen  coat,  hung  on  wall 

4 

0 , 

+ 

— 

In  pocket  of  duck  trousers,  folded  and  laid  on  floor  with 
pocket  down 

2 

3 

+ 

_ 

In  pocket  of  trousers,  hung  up,  pocket  to  wall 

1 

3 

+ 

— 

In  corner  of  a folded  newspaper,  under  7 layers 

4 

0 

-f 

— 

Under  1 yard  of  toweling,  heaped  loosely  in  a pile..,. 

0 

5 I 

4*  ct 

— 

In  canvas  mail  sack,  mouth  tied 

6 

0 i 

+ 

— 

In  bottom  of  a battery  jar  under  2 layers  of  toweling 

7 

0 ! 

+ 

a Delayed.  6 Contaminated. 


Here  an  excess  of  about  3 times  the  usual  amount  of  formalin  solu-  j 
tion  was  used,  and  the  time  of  exposure  was  nineteen  hours.  Under  \ 
these  severe  conditions,  most  of  the  mosquitoes  succumbed.  The  only  | 
survivors  were  found  under  exceptionally  severe  conditions,  such  as  i 
under  a heap  of  towels,  or  through  8 layers  of  moist  towels,  or  in  ^ 
the  pocket  of  trousers,  folded  and  laid  on  the  floor  with  the  pocket  ■ 
down.  The  gas  penetrated  in  sufficient  strength  to  destroy  all  the  non-  i 
spore-bearing  bacteria  exposed  under  .precisely  the  same  conditions  in 
boxes  alongside  those  containing  the  mosquitoes.  None  of  the  dry  , 
spores  were  killed. 

It  is  evident  from  these  tests  with  the  autoclave  that  the  time  of  expo- 
sure is  a very  important  factor  in  obtaining  penetration  of  the  gas  to  the 
insects  protected  in  fabrics,  etc. 

Large  percentages  of  gas  for  a short  time  will  not  penetrate  ; neither 
do  the  conditions  prescribed  by  the  United  States  quarantine  regula- 
tions appear  to  be  effective  in  penetrating  to  insects  deeply  hidden,  I 
while  the  long  exposures  to  a large  percentage  of  gas  gives  but  moder-  ] 
ately  satisfactory  results,  as  far  as  penetration  is  concerned.  The  mos-  1 
quitoes  directly  exposed  to  any  of  these  conditions  are  all  killed  in  a : 
very  short  time.  ' 

While  it  is  by  no  means  absolute,  the  similarity  between  the  resist-  , 
ance  of  spores  and  mosquitoes  to  formaldehyd  disinfection  is  very  striking,  i 
In  other  words,  to  be  sure  of  killing  mosquitoes  in  an  ordinary  room, 
containing  fabrics  where  the  insects  may  hide,  we  must  use  a concentra- 
tion of  the  gas  and  a length  of  exposure  sufficient  to  kill  a spore-bearing 
organism. 
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SULPHUK  DIOXID. 

In  order  to  compare  the  merits  of  formaldehyd  with  sulphur  dioxid 
gas  in  disinfection  against  mosquitoes,  similar  experiments  were  made 
by  burning  sulphur  and  with  the  liquid  sulphur  dioxid  gas. 

The  power  of  sulphur  dioxid  to  destroy  all  forms  of  animal  life  is 
well  known.  On  account  of  its  destructive  action  upon  fabrics  and 
metals,  this  agent  is  of  little  practical  use  in  the  disinfection  of  dwelling 
houses,  cabins  of  ships,  and  similar  places.  This  destructive  action  is 
due  to  the  moisture  which  combines  with  the  sulphur  dioxid  to  form 
sulphurous  acid,  which  is  the  real  disinfecting  agent.  Dry  sulphur 
dioxid  has  practically  no  effect  upon  bacteria.  Our  work  has  shown 
that  very  small  atmospheres  of  the  dry  gas  will  quickly  destroy  mos- 
quitoes, and  we  therefore  believe  that  the  destruction  of  these  insects 
may  be  accomplished  in  dwelling  houses  with  little  danger  of  injuring 
fabrics  or  tarnishing  metals.  Sulphur  dioxid  is  so  far  superior  to  for- 
maldehyd as  an  insecticide  that  even  this  risk  should  not  outweigh  the 
certainty  of  its  action.  The  gas  may  now  be  obtained  in  its  liquefied 
form,  either  in  tin  cans,  in  syphons,  or  in  iron  cylinders,  affording  very 
convenient  methods  of  quickly  introducing  a given  amount  of  the  dry 
gas  into  an  inclosure. 

Xo.  11. 


Two  pounds  of  sulphur  were  burned  in  a small  room  with  a capacity 
of  exactly  500  cubic  feet.  This  gives  nearly  the  prescribed  4 per  cent 
of  gas.  The  room  was  specially  built  for  experiments  with  gaseous 
disinfectants  and  is  made  very  nearly  air-tight.  The  time  of  exposure 
was  four  hours. 

The  sulphur  was  in  the  form  of  “flowers.’’  It  was  burned  in  a small 
l>ot  and  the  fire  started  with  alcohol. 

Mosquitoes  were  exposed  in  the  small  pill  boxes  with  gauze  lids,  as 
follows : 


In  pill  boxes — 

Under  1 layer  toweling 

Under  2 layers  toweling 

Under  4 layers  toweling 

Wrapped  twice  in  towel 

Covered  with  1 sheet  newspaper 

In  corner  folded  newspaper 

In  inside  pocket  of  overcoat 

On  wall  back  of  coat 

On  wall  back  of  3 towels 

On  floor  under  several  loose  towels 

In  battery  jar  one-third  full  crumpled  toweling 


Dead.  Alive. 

4 0 

7 0 

4 0 

3 0 

5 0 


5 0 

3 0 

4 0 

4 0 

4 0 

12  0 


No  bacteria  were  exposed  in  this  test.  The  result  showed  that  the 
prescribed  amount  of  sulphur  will  kill  the  insects  in  a much  shorter 
time  than  is  required  to  destroy  bacterial  infection,  and  that  the  sulphur 
dioxid  possesses  considerable  penetrating  power  in  this  short  time. 
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No.  12. 

In  the  same  room  of  500  cubic  feet  capacity  330  grams  of  sulphur 
(about  one-third  the  prescribed  amount)  were  burned,  and  the  room  was 
left  closed  twenty -four  hours.  Mosquitoes  were  exposed  and  with  some 
of  them  subtilis  spores,  fresh  garden  earth,  and  pyocyaneus  germs  were 
exposed  in  boxes  under  similar  conditions,  as  follows : 


Mosquitoes, 

Bacteria, 

Dead. 

Alive. 

Garden 

earth. 

Subtilis 

spores. 

Pyocya- 

neus. 

In  pill  boxes : 

On  floor,  no  protection 

1 

! + 

1 

Under  heavy  carpet 

4- 

On  shelf,  no  protection  

-1- 

+ 

On  rafter  near  ceiling’,  no  protection 

In  corner,  folded  newspaper 

6 

0 

-f 

+ 

Under  4 thicknesses  toweling 

6 

0 

j 





Tn  mail  sack  half  full  of  crumpled  paper 

7 

0 

Under  8 layers  dry  toweling 

5 

0 

Under  4 layers  damp  toweling 

5 

0 

Tender  8 layers  damp  toweling 

5 

0 

In  pocket  duck  trousers,  rolled  up 

6 

0 

Rolled  4 times  in  damp  towel  and  put  in  coat 
pocket 

6 

0 

1 

On  floor  under  empty  wooden  box 

5 

0 

1 

I 

This  small  amount  of  the  gas  killed  all  mosquitoes  and  non-spore- 
bearing organisms  even  under  conditions  requiring  deep  penetration. 

No.  13. 

These  results  with  sulphur  dioxid  were  so  good  that  another  test 
was  made  to  see  whether  a very  small  amount  of  sulphur  with  a short 
exposure  would  be  sufficient  to  kill  mosquitoes  and  leave  the  non-spore- 
bearing  organisms  unharmed. 

To  this  end  about  6 ounces  (191  grams)  of  sulphur  were  burned  by 
the  pot  method  in  a room  of  just  500  cubic  feet  capacity.  The  room 
was  aired  one  hour  after  the  sulphur  was  lighted,  so  that  the  total  expos- 
ure to  the  gas  was  one  hour. 

The  mosquitoes  and  the  cultures  were  exposed  in  the  pill  boxes  with 
gauze  lids,  under  similar  conditions,  as  follows : 


Mosquitoes. 

Cultures. 

Dead. 

Alive. 

Pyocyaneus. 

In  pill  boxes : 

One  shelf  without  protection 

4 

0 

+ 

On  high  rafter,  no  protection 

4 

0 

-f 

Under  1 layer  damp  toweling 

4 

0 

+ 

Under  2 layers  damp  toweling 

4 

0 

+ 

Under  4 layers  damp  toweling 

4 

0 

+ 

Wrapped  in  damp  towel,  4 layers 

3 

0 

+ 

Wrapped  in  damp  towel,  8 layers 

0 

4 

+ 

Wrapped  in  dry  towel,  4 layers 

4 

0 

On  floor  under  a dirty  sheet 

2 

3 

On  floor  under  a wooden  box 

0 

4 

+ 

It  is  plain  that  very  weak  percentages  of  sulphur  dioxid  are  sufficient  ' 
to  kill  mosquitoes  in  a short  time,  even  though  protected  by  4 layers  of 
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toweling.  None  of  the  cultures  were  killed.  Sulphur  dioxid  has 
always  been  regarded  as  merely  a surface  disinfectant  against  bacterial 
infection.  The  results  of  all  who  have  tested  the  gas  are  unanimous  in 
concluding  that  it  has  very  feeble  powers  of  penetration.  Its  effect 
upon  mosquitoes  is  -in  striking  contrast  to  its  bactericidal  action  in  this 
regard. 


EXPERIMENTS  WITH  LIQUID  SULPHUR  DIOXID. 


No.  14. 


One  tin  can  containing  20  ounces  of  liquid  sulphur  dioxid  gas  was 
opened  in  the  room  containing  500  cubic  feet.  The  temperature  in  the 
room  was  29.3°  to  30°  C.  Exposure  eighteen  hours.  One  of  these 
20-ounce  cans  is  supposed  to  suffice  for  1,728  cubic  feet,  so  that  the 
amount  used  was  about  three  and  a half  times  that  required  for  bacterial 
disinfection. 

The  mosquitoes  and  the  cultures  were  exposed  in  the  pill  boxes  with 
gauze  lids,  under  similar  conditions,  as  follows  : 


In  pill  boxes: 

On  floor,  under  carpet 

In  canvas  mail  sack,  folded 

In  pocket,  duck  coat,  hung  up 

In  pocket,  cloth  trousers,  hung  up 

Under  2 layers,  dry  toweling 

Under  2 layers,  damp  toweling 

Wrapped  tightly  in  dry  towel,  7 layers 

Wrapped  tightly  in  damp  towel,  7 layers 

In  coat  pocket,  hung  up,  flap  closed 

In  bottom  12-inch  beaker,  covered  with  2 layers  toweling... 
In  corner  folded  newspaper,  under  7 layers 


Mosquitoes.  ' 

Bacteria. 

Dead. 

Alive. 

Subtilis  Pyocya- 

spores.  neus. 

6 

i 

0 

-i-  1 — 

8 

0 

+ 1 - 

7 

0 

+ i - 

7 

0 

1 + — 

6 

0 

1 -h  ' — 

5 

0 

1 -L  : 

5 

0 

! + 1 ~ 

5 

0 

+ ! - 

4 

0 

+ , — 

6 

0 

1 + — 

7 

0 

1 

1 ! 

The  moisture  of  the  atmosphere  during  this  test  was  determined  by 
drawing  the  atmosphere  over  calcium  chlorid.  The  gain  in  weight 
showed  the  presence  of  0.2692  grams  of  moisture  per  liter. 

No.  15. 

A second  test  with  the  liquid  sulphur  dioxid  was  made.  The  con- 
ditions were  precisely  similar  to  those  of  the  preceding  experiment. 
No.  14,  excepting  that  moisture  in  the  form  of  steam  was  injected 
' through  the  keyhole  after  the  gas  was  liberated.  The  temperature  of 
the  room  during  the  exposure  was  29.3°  to  30°  C.  The  atniosiihere 
was  saturated  with  moisture. 
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The  mosquitoes  and  the  cultures  were  exposed  in  the  pill  boxes  with 
gauze  lids,  under  similar  conditions,  as  follows : 


Mosquitoes. 

Bacteria. 

Dead. 

Alive. 

Subtilis 

spores. 

Pyocya- 

neus. 

In  pill  boxes : 

On  floor,  under  carpet 

7 

0 

T 

In  canvas  mail  sack,  folded 

5 

0 

— 

In  pocket  duck  coat,  hung  up 

5 

0 

_i_ 

— 

In  pocket  cloth  trousers,  hung  up 

5 

0 

-f 

— 

Under  2 lavers  drv  toweling 

9 

0 

Lost. 

— 

Under  2 lavers  damp  toweling 

0 

— 

— 

Wrapped  tight! v in  drv  towel,  7 lavers 

6 

0 

— 

— 

Wrapped  tightlv  in  moist  towel,  7 layers 

4 

0 

— 

In  coat  pocket,  hung  up,  flap  closed 

6 

0 

— 

In  bottom  of  12-inch  beaker  covered  with  2 lavers  of  towel.. 

4 

0 

— 

— 

In  corner  of  folded  newspaper,  under  7 lavers ..  

8 

0 

The  results  were  the  same  as  No.  14,  viz,  death  of  all  mosquitoes, 
even  when  well  protected  by  dry  or  moist  fabrics  ; the  death  of  fresh 
moist  cultures  of  pyocyaneus,  and  the  failure  to  affect  subtilis  spores 
similarly  protected. 

No.  16. 

A series  of  experiments  was  made  to  determine  whether  chemically 
dry  sulphur  dioxid  has  insecticidal  properties.  It  is  well  known  that 
the  anhydrous  gas  has  practically  no  effect  upon  bacteria.  As  the  dry 
gas  is  not  destructive  to  fabrics  and  metals,  it  is  of  considerable  prac- 
tical importance  to  know  whether  it  will  kill  mosquitoes. 

To  this  end  the  liquid  sulphur  dioxid  was  liberated  in  a bell  jar,  but 
first  passed  through  2 drying  columns  containing  pumice  stone  satu- 
rated with  sulphuric  acid.  The  moisture  contained  in  the  air  of  the 
bell  jar  was  eliminated  in  2 ways,  (1)  by  drawing  air  through  the 
drying  columns  into  the  bell  jar,  or  (2)  by  introducing  calcium  chlo- 
rid  into  the  bell  jar. 

It  was  found,  in  all  these  tests,  that  the  mosquitoes  were  killed,  prac- 
tically, instantly  by  the  dry  gas. 

Contrary  to  formaldehyd,  which  requires  an  exposure  and  strength 
of  gas  sufficient  to  destroy  spores  in  order  to  entirely  rid  a room  of 
mosquitoes,  sulphur  dioxid  will  kill  these  insects  even  when  the  quan- 
tity of  the  disinfectant  and  the  time  of  exposure  are  reduced  so  that 
non-spore-bearing  bacteria  are  unharmed. 

Sulphur  dioxid  was  for  a long  time  used  as  a disinfecting  agent 
against  yellow  fever,  and  experience  found  it  to  be  trustworthy.  But 
later  it  was^disparaged  because  laboratory  tests  showed  that  it  lacked 
the  power  of  killing  spores  and  has  little  penetrating  power  through 
fabrics.  But  now  that  we  know  it  is  the  mosquito  which  carries  the 
infection,  the  usefulness  of  this  agent  is  revived. 
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SUMMARY  AND  CONCLUSIONS. 

Formaldehyd  gas  is  a feeble  insecticide.  Mosquitoes  may  live  in  a 
very  weak  atmosphere  of  the  gas  overnight.  It  will  kill  them,  how- 
ever, if  it  is  brought  in  direct  contact  in  the  strength  and  time  pre- 
scribed for  bacterial  disinfection.  For  this  j)urpose  any  of  the  accepted 
methods  for  evolving  the  gas  is  ai)plicable,  but  the  methods  which  lib- 
erate a large  volume  in  a short  time  are  more  certain  than  the  slower 
ones. 

Direct  contact  between  the  insects  and  the  gas  is  much  more  difficult 
to  obtain  in  ordinary  room  disinfection  against  mosquitoes  than  against 
germs,  because  the  sense  of  self-protection  helj^s  the  former  to  escape 
from  the  effects  of  the  irritating  gas.  They  hide  in  the  folds  of  towels, 
bedding,  clothing,  hangings,  fabrics,  and  out-of-the-way  places  where 
the  formaldehyd  gas  does  not  penetrate  in  sufficient  strength  to  kill 
them.  The  gas  is  polymerized  and  deposited  as  paraform  in  the  meshes 
of  fabrics,  which  prevents  its  penetration,  and  large  quantities  are  lost 
by  being  absorbed  by  the  organic  matter  of  fabrics,  especially  woolens. 
In  our  tests,  whenever  the  insects  were  given  favorable  hiding  places, 
such  as  in  crumpled  paper  or  in  toweling,  they  quickly  took  advantage 
of  the  best  place  for  themselves  and  thus  escaped  destruction. 

There  is  a striking  analogy  between  the  strength  of  the  gas  and  the 
time  of  exposure  necessary  to  penetrate  the  fabrics  in  order  to  kill 
mosquitoes,  and  the  strength  and  time  necessary  to  penetrate  in  order 
to  kill  the  spores  of  bacteria. 

Mosquitoes  have  a lively  instinct  in  finding  cracks  or  chinks  where 
fresh  air  may  be  entering  the  room,  or  where  the  gas  is  so  diluted  that 
they  escape  destruction.  They  are  able  to  escape  through  incredibly 
small  openings.  , Some  of  the  smaller  varieties,  such  as  the  stegomyia 
fasciata  can  get  through  a wire  screen  having  12  meshes  to  the  inch. 
Therefore,  formaldehyd  gas  can  not  be  trusted  to  kill  all  the  mosquitoes 
in  a room  which  can  not  be  tightly  sealed. 

It  is  concluded,  that  to  succeed  in  killing  all  the  mosquitoes  in  a closed 
space  with  formaldehyd  gas,  the  following  definite  requirements  are 
essential : A very  large  volume  of  the  gas  must  be  liberated  quickly, 
so  that  it  may  diffuse  to  all  portions  of  the  space  in  sufficient  concentra- 
tion. The  room  must  have  all  the  cracks  and  chinks  where  the  insects 
may  breathe  the  fresh  air  carefully  sealed  by  pasting  strips  of  paper 
over  them.  The  room  must  not  contain  heavy  folds  of  drapery,  cloth- 
ing, bedding,  or  fabrics  in  heaps,  or  so  disposed  that  the  insects  may 
hide  away  from  the  full  effects  of  the  gas. 

Sulphur  dioxid  is  unexcelled  iis  an  insectide.  Very  dilute  atmos- 
pheres of  the  gas  will  quickly  kill  nios((uitoes.  It  is  quite  as  efficacious 
for  this  purpose  when  dry  jis  when  moist,  whereas  the  dry  gas  has  prac- 
tically no  power  against  bacteria.  Contrary  to  formaldehyd  it  has  sur- 
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prising  powers  of  penetrating  through  clothing  and  fabrics,  killing  the 
mosquitoes,  even  when  hidden  under  4 layers  of  toweling,  in  one  hour’s 
time — and  with  very  dilute  proportions. 

This  substance,  which  has  so  long  been  disparaged  as  a disinfectant 
.because  it  fails  to  kill  spores,  must  now  be  considered  as  holding  the 
first  rank  in  disinfection  against  yellow  fever,  malaria,  filariasis,  and 
other  insect-borne  diseases. 
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RING  TEST  FOR  IN  DOE. 


! 

(By  S.  B.  Grubbs,  Passed  Assistant  Surgeon,  and  Edward  Francis,  Assistant  Sur(Jeon. 

United  States  Marine-Hospital  Service.) 

3 

The  method  of  applying  the  indol  test,  as  ordinarily  used  in 
laboratories  and  described  in  our  text-books,  is  certainly  crude, 
and  consequently  the  statement  that  an  organism  does  or  does  not 
produce  indol  leaves  us  in  most  cases  very  uncertain  as  to  just 
what  is  meant. 

As  we  know,  the  line  between  the  indol  producers  and  non- 
producers is  not  distinct,  and  several  organisms  “not  producing 
indol”  do  give  the  reaction  if  grown  long  enough  in  suitable 
media.  Thus,  for  example,  we  can  get  a faint  but  distinct  reac- 
tion from  cultures  of  Bacillus  pestis  and  Bacillus  typhosus, 
although  these  organisms  under  ordinary  conditions  are  not  con- 
sidered indol  producers. 

So  we  must  draw  the  line  arbitrarily,  and  in  this  laboratory  wo 
take  cultures  grown  twenty-four  hours  at  37°  C.  in  media  contain- 
ing 1 per  cent  of  peptone  and  use  the  ring  or  contact  test,  allowing 
it  to  remain  in  contact  one  hour. 

We  have  applied  the  ring  test  in  determining  the  presence  of 
indol  on  account  of  its  simplicity,  its  clearness,  and  its  delicacy. 
When  the  acid  and  solution  of  nitrites  were  mixed,  wo  found  tlie 
color  reaction  was  often  unsatisfactory,  tlie  natural  yellow  tint 
masking  the  pink,  or  the  color  apjiearing  on  first  contact  witli  tlie 
nitrite  solution  would  disappear  when  the  tube  was  sliaken. 

The  following  technique  will  always  give  a clear-cut  reaction  if 
indol  is  x^resent,  or  if  not,  there  is  no  difficulty  in  deciding  in  tlie 
negative : 

To  7 c.c.  of  the  twenty-four-hour  culture  add  8 to  10  drops  of 
concentrated  sulxffiuric  acid  and  shake;  then  let  3 or  4 c.c.  of  a 
1-1000  sodium-nitrite  solution  run  carefully  down  the  side  of  the 
tube  so  as  to  form  a sharp  line  of  contact  between  the  heavier 
culture  and  acid  and  the  lighter  nitrite  solution,  when  the  pink 
color  will  contrast  sharply  with  the  portions  above  and  below. 

The  adox^tion  of  this  technique,  with  the  time  limits  mentioned, 
will  make  the  indol  reaction  very  clear  in  its  results  and  will 
increase  its  value  as  a means  of  recognizing  species. 

(3) 


COLLODIUM  SACS. 

(By  S,  B.  Grubbs,  Passed  Assistant  Surgeon,  and  Edward  Francis,  Assistant  Surgeon, 

United  States  Marine-Hospital  Service.) 


Since  the  publication  of  the  work  of  Metchnikoff,  Roux,  and 
Salimbeni*  on  the  toxins  of  cholera,  the  growing  of  cultures  in 
collodium  sacs  placed  in  the  peritoneal  cavities  of  animals  has 
become  a common  procedure  not  only  at  the  Pasteur  Institute,  but 
in  all  bacteriological  laboratories  when  it  is  desired  that  the  cul- 
ture in  its  growth  shall  be  raised  in  Aurulence  through  the  action 
of  the  nutrient  body  fluids  and  yet  be  protected  from  the  influence 
of  the  body  cells  and  phagocytes. 

As  usually  made,  the  sac  is  molded  over  the  end  of  a glass  rod 
by  dipping  it  several  times  into  the  collodium  solution,  after  which 
it  is  peeled  off  (Pasteur  Institute). 

Rovy“  slips  inside  the  sac  a glass  tube  which  is  perforated  and 
constricted,  and  he  fixes  the  free  border  of  the  sac  to  the  glass  tube 
at  a point  just  below  the  constriction  by  means  of  heat,  pressure, 
a silk  ligature,  and  additional  collodium. 

McCrae,*  following  Prudden,  employs  a glass  tube,  to  the  heated 
end  of  which  he  attaches  a gelatin  capsule  which  acts  as  a.  tempo- 
rary frame  over  which  the  collodium  is  molded.  The  capsule  is 
then  removed  by  dissolving  it  in  hot  water. 

In  the  techniques  just  referred  to  there  are  several  delicate 
manipulations  which  greatly  hazard  the  chalices  of  getting  a per- 
fect sac ; 

1.  There  is  the  danger  of  tearing  and  destroying  the  sac  in  ]>eel- 
ing  it  oft'  the  rod. 

2.  There  is  considerable  difficulty  in  attaching  the  sac  si^curoly 
to  the  glass  frame ; and, 

3.  If  no  frame  is  used,  the  sac  has  no  siqiport,  may  become 
shriveled,  and  is  liable  to  tear  on  removal  from  the  animars  abdom- 
inal cavity  if  bound  around  by  adhesions. 

’Toxhie  et  antitoxiiie  cholerique  Aim.  de  I’lnstitiit  Pasteur  180G,  X. 

■'  Laboratory  work  in  bacterioloj^y. 

^Journal  of  Experimental  Medicine,  vol.  5. 

(5) 
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In  endeavoring  to  overcome  these  difficulties  we  have  hit  npon 
the  following  simple  technique  and  have  nsed  it  repeatedly  in  the 
Hygienic  Laboratory  for  several  months : 

The  Bac  is  molded  in  the  very  beginning  over 
the  perforated  glass  frame,  from  which  it  is  not 
later  removed. 

The  steps  are  as  follows : 

A glass  frame  is  first  made  according  to  the 
method  of  Novy.  Eight  to  twelve  openings,  each 
having  a diameter  of  about  i inch,  are  blown  as 
closely  as  possible  in  the  lower  part  of  a small 
test  tube,  the  size  and  number  of  the  holes  de- 
pending on  the  amount  of  osmosing  surface 
desired. 

The  tube  is  then  partially  constricted  in  the 
flame  at  a point  just  above  the  openings.  The 
constriction  is  of  such  size  as  to  admit  a flue 
pipette  for  inoculation.  Some  pure  gelatin,  to 
which  is  added  a little  water,  is  liquefied  by  heat, 
and  with  a glass  rod  a drop  of  the  hot  gelatin  is 
applied  to  each  individual  opening  in  the  glass 
frame,  which,  when  it  solidifies,  forms  a thin 
film  which  temporarily  closes  each  perforation. 

The  tube  is  now  dipped  two  or  three  times  into 
the  collodium  solution  to  a point  well  above  the 
openings  but  below  the  constriction.  In  order 
to  remove  the  gelatin  film  from  the  holes,  the 
tube  is  filled  with  water  and  it  is  inverted  in  a 
larger  tube  or  beaker  of  water  the  temperature  of 
which  is  raised  until  the  gelatin  melts  and  runs 
down  the  inside  of  the  tube  through  the  con- 
stricted part  and  out  into  the  water  (see  cut). 

We  then  have  the  collodium  firmly  adherent 
to  the  glass  frame,  covering  its  openings,  well 
supported  and  ready  to  stand,  without  tearing  or 
leaking,  the  manipulations  of  sterilization,  filling. 

The  glass  frame  inclosed  m _ ^ \ ^ ^ 

atesttubeof  hot  water  to  re- inoculation,  Sealing',  implantation  and  removal 

move  the  gelatin  from  the  . T 

perforations.  from  the  abdominal  cavity. 

The  ease  with  which  this  technique  can  be  carried  out  will,  we 
think,  appeal  to  those  who  have  had  experience  with  other  methods.* 


^ The  glass  frame  may  be  further  improved  by  directing  the  gas  blast  flame 
against  the  tube  on  opposite  sides  just  below  the  constriction  until  the  glass 
becomes  softened  and  indented.  These  two  flattened  surfaces  afford  a good 
place  for  grasping  the  frame  with  a pair  of  forceps  during  the  sealing  off  and 
implantation.  This  overcomes  the  slipping  and  turning  which  occur  on  attempt- 
ing to  hold  firmly  a perfectly  round  tube. 


MICEOPHOTOGKAPIIY  WITH  SIMPLE  APPAHATUS. 


(By  H.  B.  Pajjker,  Assistant  Surgeon,  United  States  Marine-Hospitad  Service.) 


The  art  or  mechanics  of  photography  has  in  the  last  few  j^ears 
become  very  useful  in  pathological,  histological,  and  bacteriolog- 
ical work.  Almost  every  laboratory  is  supplied  with  an  approved 
apparatus,  while  the  independent  workers  convert  their  photo- 
graphic apparatus,  either  kodak  or  camera,  into  some  form  of 
apparatus  to  meet  their  particular  desires  or  needs.  As  a reward 
for  their  efforts  they  meet  with  varying  degrees  of  success,  so 
much  so  that  in  modern  medical  literature  it  is  impossible  in  many 
instances  to  determine  from  the  results  whether  the  writer  had  in 
his  possession  an  approved  model  or  a simple  makeshift  of  his  own. 

With  low  diameters  almost  any  combination  of  microscope, 
camera,  and  illuminant  will  produce  a fair  picture  in  the  hands  of 
an  amateur  familiar  with  outdoor  photographic  processes.  To 
obtain  success  with  the  higher  diameters  special  apparatus  is 
required,  and  these,  I regret  to  say,  are  so  expensive  and  difficult  of 
manipulation  that  their  use  is  prohibited  in  any  but  the  more  lux- 
uriously equipped  laboratories.  The  average  size  of  the  picture 
desired  in  bacteriological  work  is  2 inches;  for  pathological* work 
somewhat  larger;  the  average  size  of  the  plate  in  the  modern 
microphotographic  outfit  is  6|-  by  8^-  inches  to  8 by  10  inches  with 
a bellows  extension  that  will  average  5 feet.  This  long  extension 
was  for  a time  an  advantage,  permitting  the  use  of  low-power 
objectives,  amplification  being  secured  by  distance,  but  with  the 
advent  and  perfection  of  apochromatic  objectives,  compensation 
and  projection  oculars,  and  instruments  of  greater  precision  in 
sectioning  pathological  and  histological  processes,  the  use  of  the 
long  bellows  is  practically  limited  to  achromatic  and  specially 
devised  photographic  objectives.  A disadvantage  ])robably  more 
})romiiient  than  the  preceding  is  the  necessity  of  an  arc  light  with 
its  elaborate  system  of  condensers  and  absorbing  cells  as  the  illum- 
inant, a system  too  complex  for  the  small  and  moderate  size 
laboratory. 

To  overcome  some  of  the  disadvantages  mentioned  we  have  con- 
structed an  apparatus  on  the  usual  principle  of  the  horizontal 
instrument  but  have  reduced  the  size  of  the  bellows  extension  to 
32  inches  and  the  size  of  the  plate  to  4 by  5 inches.  We  used  an 
ordinary  lantern-slide  camera,  which  gave  the  results  shown  in 
the  illustrations. 
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DESCRIPTION  OF  THE  APPARATUS. 

Success  in  microphotograpliic  work  depends  largely  upon  tke 
illuminant,  of  wliick  there  are  six  for  consideration:  Sunlight, 
the  electric  arc  light,  the  oxyhydrogen  light,  illuminating  gas, 
coal  oil,  and  acetylene.  Sunlight  gives  excellent  photographs  but 
is  excluded  on  account  of  the  expensive  apparatus  and  special 
requirements  for  good  work.  The  electric  arc  gives  excellent 
results  and  is  necessary  when  magnifications  above  1,500  diameters 
are  desired.  The  oxyhydrogen  light,  illuminating  gas,  and  coal 
oil  are  too  feeble  for  any  but  low  diameters.  Acetylene,  because 
of  its  brilliancy,  high  actinic  properties,  low  heat  reflection,  port- 
ability, low  cost,  and  adaptability  to  other  laboratory  work,  is  the 
illuminant  par  excellence  for  diameters  up  to  and  including  1,500, 
for  low-power  microscopic  projection,  and  lantern-slide  projection. 

The  illuminating  apparatus  in  use  at  this  laboratory  consists  of 
a generator  large  enough  to  furnish  gas  for  a quadruple  burner, 
two  condensers,  of  4-inch  focus,  and  a light  filter  and  an  absorbing 
cell  holding  a layer  of  water  ^ inch  thick.  The  latter  is  suffi- 
ciently large  to  remove  all  heat  rays  as  well  as  serving  to  hold 
water  tinged  with  a color  complementary  to  the  stain  employed  on 
the  specimen  to  be  photographed. 

The  bellows  as  described  above  is  one  of  the  numerous  models 
for  lantern-slide  work,  either  3d  by  4d  or  4 by  5 inches. 

The  whole  apparatus  is  mounted  upon  a firm  base. 

FOCUSING. 

One  of  the  most  difficult  features  in  connection  with  micro- 
photographic work  is  focusing  the  object  on  the.  ground-glass 
screen.  We  have  discarded  the  various  focusing  rods  used  for  this 
purpose  and  now  depend  upon  a braided  twine,  the  center  going 
around  the  fine  adjustment  and  thence  to  the  back  of  the  camera, 
where  it  is  kept  taut  by  small  weights.  This  has  the  advantage 
that  when  the  focus  is  accurately  found  the  ends  can  be  released, 
removing  the  strain  from  the  fine  adjustment  and  consequently  all 
interference  with  the  focus.  Rods  clamped  to  the  fine  adjustment 
are  apt  to  change  the  focus  when  released  and  are  acted  upon  by 
vibrations  of  the  room. 

A magnifying  glass  of  low  magnification  can  be  used  as  an  aid 
in  focusing  with  high  diameters,  but  as  a rule  the  focus  of  the 
entire  field  can  be  much  more  accurately  gauged  with  the  eye 
alone  than  with  the  aid  of  lenses. 

EXPOSURE. 

The  length  of  exposure  will  depend  upon  the  intensity  of  the 
image  upon  the  screen  and  upon  the  rapidity  of  the  plate.  A 
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rapid  exposure  with,  an  excess  of  light  does  not  give  the  details 
which  are  obtained  with  less  light  and  a longer  exposure.  In  a 
general  way  then  it  may  be  said  that  the  intensity  of  light  should 
be  subdued  by  reducing  the  diaphragm  in  the  Abbe  condenser 
until  the  exposure  will  approximately  require  about  five  seconds. 

Care  should  be  taken  to  see  that  no  vibrations  are  produced 
during  the  exposure.  This  is  best  accomplished  by  selecting  a 
time  when  the  streets  are  free  from  passing  vehicles,  and  all  in 
the  room  should  remain  quiet.  An  ordinary  pneumatic  photo- 
graphic shutter  in  the  front  board  serves  to  reduce  vibrations  to  a 
minimum  and  is  far  superior  to  the  regular  shutter  supplied  with 
these  cameras. 


CHOICE  OF  PLATES 

Only  plates  of  double  coating  should  be  selected  for  this  work, 
X^referably  one  of  the  medium  or  slow  grades. 

They  are  distinguished  from  the  ordinary  plates  by  their  iso- 
chromatic  or  orthochromatic  qualities,  giving  correct  color  values 
Avith  double-stained  preparations — a property  that  can  be  increased 
by  using  a color  screen  complementary  to  the  object  to  be  photo- 
graphed. 

As  a rule  Avith  these  plates,  no  color  screen  is  required  with 
fuchsin,  safranin,  luematoxylin,  or  carmine. 

Without  reference  to  the  complementary  color,  a color  screen 
made  with  chromic  acid  or  sulphate  of  copper,  or  both,  combined 
in  weak  solution  Avill  answer  for  any  color  or  combination  of  colors 
in  general  laboratory  use. 


DEVELOPAIENT. 

A good  developer  has  the  property  of  producing  both  detail  and 
density.  A single  developer  does  not  possess  these  qualities  per- 
fectly, so  a combination  is  used. 

Metol  and  hydrochinone  about  rei)resent  the  extremes,  but  when 
combined  in  |)roper  proportions  give  the  best  results  in  micro- 
photographic work,  as  Avell  as  in  general  photography.  The  for- 
mula most  used  is  the  following : 


n 

Metol ‘2.00 

Hydrochinone 2.00 

Sodium  suljdiite  . 20.00 

Sodium  carbonate 10.00 

Potassii  broniidi 0.25 

Distilled  water  500.00 

M. 
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The  metol  and  hydrochinone  should  be  dissolved  in  the  water 
before  adding  the  sulphite.  This  preparation  keeps  indefinitely, 
and  may  be  used  until  exhausted.  Whatever  the  exposure,  the 
development  should  be  carried  out  until  the  plate  is  completely 
developed ; errors  in  over  exposure  or  under  exposure  may  then 
be  corrected  by  reduction  or  intensification,  either  process  with 
full  development  i3roducing  a better  negative  than  one  poorly 
developed. 

Formulae  containing  a mercury  salt,  for  intensification,  or  con- 
taining potassium  ferricyanide,  for  reducing,  usually  accompany 
all  makes  of  plates. 

COST  OF  TEMPOEARY  AXD  PERMAXEXT  APPARATUS. 

The  advantage  of  this  apparatus  is  the  low  primary  cost.  A 
lantern-slide  camera  at  a cost  of  810  makes  an  excellent  bellows 
when  firmly  mounted  on  a frame.  The  generator,  burner,  two 
condensers  and  light  filter  would  cost  about  825,  making  a total 
cost  of  about  835. 

A complete  outfit  with  the  necessary  mechanical  arrangements 
for  centering  the  light,  varying  the  focus  of  the  condensers,  and 
time  shutter  should  be  supplied  for  about  860. 

Where  a laboratory  is  supplied  with  electricity,  that  illuminant 
may  be  used  by  substituting  a hand-feed  electric  arc  and  a large 
absorbing  cell  at  an  increase  in  cost  of  85  to  $10. 

With  this  apparatus  and  the  well-known  apochromatic  objec- 
tives and  projective  oculars  of  Zeiss,  it  is  possible  to  take  a photo- 
graph of  1,000  diameters  in  two  seconds,  or  about  as  rapidly  as  an 
exposure  can  be  accurately  made.  For  the  low  diameter  the  light 
is  stopped  down  until  the  desired  illumination  is  obtained.  Our 
experience  is  that  an  exposure  of  five  seconds  for  all  magnifications 
gives  greater  detail  than  a more  rapid  exposure.  In  this  time 
vibrations  do  not  seriously  interfere  with  sharpness  of  outline.  A 
printing-out  silver  paper  gives  the  best  tone  to  a photograph  when 
half-tone  reproduction  is  desired.  The  finished  print  should  be  a 
shade  darker,  as  density  is  always  lost  in  the  process  of  repro- 
duction. 
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EXPLAXATIOX  OF  PLATE  Xo.  1. 


1.  Tetanus  bacilli,  witb  spores. 

2.  Typhoid  bacillus,  with  flagella. 

3.  Plasmodium  malarise,  in  human  blood,  crescentic  form 

4.  Staphylococci  in  pus. 

5.  TTormal  kidney,  mouse. 

6.  Vaccine  bodies  in  cornea  of  rabbit. 


Plate  No.  1 . 
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Plate  No. 
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LETTEE  OF  TEAE'SMITTAL. 


Sir  : I have  the  honor  to  transmit  herewith  a syllabus  of  the  course 
in  pathology  and  bacteriology  given  in  this  laboratory. 

This  is  the  completion  of  the  third  year  in  which  the  course  of 
instruction  as  outlined  in  the  following  pages  has  been  given  by  the 
present  director  of  the  laboratory  to  the  student- ofi&cers  of  the  Service. 
Advantage  has  been  taken  of  many  practical  points  gained  from  actual 
experience  both  from  the  standpoint  of  the  student  and  that  of  the 
instructor,  so  that  the  course  as  now  outlined  is  believed  to  fairly  cover 
the  ground  and  to  require  few  changes  other  than  those  due  to  advances 
in  our  knowledge  upon  the  subjects  treated. 

The  object  of  the  course  is  to  thoroughly  equip  officers  of  the  Service 
in  the  technique  of  pathology  and  bacteriology  so  as  to  fit  them  better 
for  the  hospital,  quarantine,  epidemic,  and  public-health  work  of  the 
Service.  Officers  of  the  Service  who  have  taken  the  prescribed  course 
are  thoroughly  prepared  to  make  the  scientific  diagnoses  of  plague, 
cholera,  diphtheria,  tetanus,  tuberculosis,  typhoid  fever,  anthrax,  and 
other  communicable  diseases,  as  well  as  to  carry  on  original  investi- 
gations for  themselves. 

The  course  as  outlined  requires  about  one  year  for  its  completion.  The 
student- officer  is  required  to  work  each  subject  until  he  has  mastered  it 
before  going  on  to  the  next.  Such  delibei'ation  permits  a thoroughness 
which  is  not  possible  when  work  is  hurried  or  limited  to  a short  space 
of  time. 

The  exact  sequence  as  given  on  the  following  pages  is  not  strictly 
adhered  to,  because  it  is  the  desire  of  the  director  to  make  the  course 
as  practical  as  circumstances  will  permit.  Therefore,  the  study  of  diph- 
theria is  usually  left  until  the  fall  of  the  year  or  winter,  when  practical 
experience  may  be  had  with  the  cases  which  usually  occur  in  the  Dis- 
trict. The  studies  upon  vaccinia  and  smallpox  are  taken  up  in  the 
winter,  which  time  is  more  apt  to  offer  material  and  cases.  Malarial 
work  is  of  course  confined  to  the  summer  and  fall  seasons.  In  connection 
with  the  health  department  of  the  District,  the  work  of  diagnosing 
diphtheria  from  swabs  and  culture  tubes  and  the  administration  of  anti- 
toxin, both  for  prophylactic  and  curative  purposes,  is  carried  on  by 
each  student-officer.  In  connection  with  the  studies  upon  vaccinia,  a 
visit  is  always  made  to  one  of  the  large  vaccine  farms,  which  offers 
special  advantages  for  observing  the  process  of  vaccinating  the  calves, 
obtaining  the  lymph  and  pulp,  glycerinatihg  the  virus,  and  preparing 
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the  product  for  the  market.  In  like  manner  advantage  is  taken,  as  far 
as  it  is  practicable,  of  the  material  in  hospitals  and  other  institutions 
situated  in  the  city  of  Washington. 

It  will  be  noticed  that  the  course  apparently  deals  more  with  the 
subject  of  bacteriology  than  that  of  pathology.  The  latter,  however,  is 
not  neglected.  Owing  to  circumstances,  it  is  not  possible  at  present  to 
treat  j)athologic-histology  in  the  same  systematic  manner  as  bacteriology. 
The  pathologic-histology  of  all  the  infectious  processes  studied  in  the 
laboratory  are  thoroughly  worked.  Tumors  and  the  special  pathology 
of  the  organs  are  taken  up  from  time  to  time  as  the  specimens  are 
received.  Experience  has  taught  that  this  is  better  than  to  attempt  to 
give  a systematic  course  in  general  and  special  pathology,  in  which 
branches  the  student- ofhcer  usually  comes  to  the  laboratory  with  a good 
foundation. 

It  will  also  be  noticed  that  considerable  importance  is  given  to  the 
subject  of  disinfections  and  disinfectants.  This  arises  from  the  fact  that 
ofdcers  of  the  Service  are  required  not  only  in  their  hospital  work,  but 
more  especially  in  their  quarantine  and  public  health  duties,  to  thor- 
oughly understand  the  theory  and  practice  of  this  important  subject. 
Each  student-officer  is  required  to  master  the  theory  and  mechanics  of 
all  the  imj)ortant  disinfecting  apparatus  and  to  make  actual  tests  upon 
the  efficiency  and  practical  value  of  each  one. 

The  scientific  workers  in  the  laboratory  meet  one  evening  in  each 
week  in  order  to  review  the  work  of  the  week  and  to  discuss  the  cur- 
rent literature.  The  journals  that  are  received  are  assigned  to  each 
student-officer,  audit  is  his  duty  to  present  a critical  review  of  important 
articles  which  he  reads.  We  have  found  this  an  admirable  plan  for 
keeping  thoroughly  abreast  with  the  large  amount  of  literature  con- 
stantly appearing,  as  well  as  a stimulus  to  thought  and  work. 

After  the  student-officer  has  been  in  the  laboratory  several  months 
and  has  thoroughly  acquainted  himself  with  the  necessary  technique, 
opportunity  is  given  him  to  assist  with  the  work  of  the  laboratory,  and 
every  encouragement  is  offered  to  work  out  original  problems  of  his  own. 

The  classes  have  been  small  in  number,  thus  allowing  for  the  indi- 
vidual equation  of  each  student- officer,  as  well  as  a maximum  of  i3er- 
sonal  attention. 

The  bacteriologic  nomenclature  adopted  in  this  bulletin  is  based  upon 
Migula’s  recent  System  der  Bakterien,  1900,  and  I am  indebted  to  Dr. 
Ch.  W ardell  Stiles  for  valuable  assistance  in  determining  many  points 
in  this  difficult  and  much- neglected  subject. 

Eespectfully,  M.  J.  Eosexau. 

Fajised  Assistant  tiurgeon  and  Director  Sygienic  Lahoratory. 

The  Suegeox-Gexeeal. 


LABORATORY  COURSE  IN  PATHOLOGY  AND  BACTERIOLOGY. 


HYGIENIC  LABORATORY, 

United  States  Public  Health  and  Marine-Hospital  Service, Washington,  D.  C. 


[By  Milton  J.  Rosenau,  Passed  Assistant  Surgeon,  United  States  Public  Health  and  Marine-Hospital  Service, 

and  Director  of  the  Hygienic  Laboratory.] 

PREPARATION  OF  MEDIA— 

1 . Bouillon : 

а.  Acid. 

б.  Neutral, 
c.  Alkaline. 

2.  Sugar  free  bouillon  (colon  fermentation). 

3.  Glucose  bouillon. 

4.  Lactose  bouillon. 

5.  Dunham’s  solution. 

6.  Gelatin. 

7.  Agar-agar: 

a.  Glycerin  agar. 
h.  Litmus  agar. 

8.  Potato.  ' 

9.  Blood-serum  : 

a.  Fluid. 
h.  Coagulated. 

e.  Loffler’s  blood-serum  mixture. 

10.  Milk. 

11.  Litmus  milk. 

12.  Aqueous  humor  of  ox  eyes. 

13.  Ascitic  fluid. 

14.  Urine. 
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STUDIES  FOR  MICROSCOPIC  PRACTICE— 

1.  Diatoms. 

2.  Algae. 

3.  Protozoa. 

4.  Starch  bodies. 

5.  Vegetable  cells. 

6.  Cotton  fibers. 

7.  Linen  fibers. 

8.  Silk  fibers. 

9.  Feathers. 

10.  Hair  of  man  and  of  lower  animals. 

11.  Scales  of  butterflies  and  of  other  insects. 

12.  Milk. 

13.  Air  bubbles. 

14.  Oil  drops. 

15.  Vinegar  eels  {Anguillula  aceti). 

16.  Tube  casts. 

17.  Ciliated  epithelium. 

18.  Crystals  of  sugar,  salt,  uric  acid,  cholesterin,  hematin,  and  various  chemicals. 

19.  Decomposing  meat. 

20.  Hay  infusion. 

21.  Surface  waters. 
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POINTS  TO  BE  OBSERVED  IN  DESCRIBING  AN  ORGANISM— 

1.  Its  source. 

2.  Hanging  drop.  Form,  size,  grouping  and  motility. 

3.  Spores. 

4.  Staining  peculiarities. 

5.  Flagella. 

6.  Appearance  of  colonies  on  gelatine,  agar,  blood-serum,  potato,  etc. 

7.  Relation  to  oxygen. 

8.  Growth  on  gelatin. 
y.  Growth  on  agar. 

10.  Growth  on  blood-serum. 

11.  Growth  on  potato. 

12.  Growth  on  fluid  media: 

a.  Bouillon — 

1.  Acid. 

2.  Neutral. 

3.  Alkaline. 

b.  Dunham’s  solution — indol. 

13.  Milk  and  litmus  milk. 

14.  Reaction  of  media  best  suited  to  growth. 

15.  Changes  in  reaction  of  media. 

16.  Gas  production  : 

a.  Glucose  bouillon. 

b.  Lactose  bouillon. 

c.  Glucose  agar. 

d.  Glucose  gelatin. 

17.  Temperature  best  suited  to  development. 

18.  Pathogenicity. 

1 9.  Reaction  to  sera  of  immune  animals. 

20.  Toxins. 
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STUDY  OF  SAPEOPHYTES. 


Bacteeia. 

Genns  Bacillus  Cohn — 

1.  Bacillus  subtilis  (Ehrenberg,  1S33)  Cohn.  1S72. 

2.  Bacillus  vulgaris  (Hauser,  ISSo)  ^Migula,  1900.  \_Proteus  vulgaris.^ 

3.  Bacillus  megaieriurn  de  Barry,  1884. 

4.  Bacillus prodigiosus  (Ehrenberg,  1539)  Fliigge.  1886. 


Genus  Pseudomonas  ^lignla — 

5.  Pseudomonas  fluorescens  iligula,  1900.  \_Bacill\is  flluorescens  liquefaciens  Flhgge, 
1886.] 

6.  Pseudomonas  aeruginosa  (Sehroter,  1672)  ^ligula,  1900.  \_Bacterium  aeruginosurn 
Schroter,  1872  : Bacillus  pyocyaneus  Gessard.  1882.] 


Genns  Planosarcina  3Iigula — 

7.  Planosarcina  agilis  (Ali-Cohen,  1889)  ilignla,  1900. 
1839.] 


\_Micrococcus  agilis  AH-Cohen. 


Genus  Sareina  Goodsir — 

8.  Sareina  lutea  Schroter,  1856. 

Genus  Jlicrospira  Schroter,  1886— 

9.  Jlicrospira  aqualilis  (Gunther,  1892)  Migula.  1900.  [^Vidrio  aquatilis  Gunther 
1892.] 

COiOIOX  MOLDS — 

Oidium. 

Aspergillus. 

Penicillium. 

Jlucor. 

Yeasts — 

Beer  yeast. 

Eed  yeast. 

Black  yeast. 


CLASSIFICATION  OF  SCHIZOMYCETES— 

1.  According  to  some  characteristic  feature 
a.  Chromogenic. 

h.  Photogenic. 

c.  Zymogenic. 

d.  Saprogenic. 

e.  Pyogenic. 

/.  Thiogenic. 

2.  According  to  morphology  : 

Cocci — 

a.  Microccocci. 
h.  Diplococci 
e.  Streptococci. 

d.  Staphylococci. 

e.  Tetrads.  ' 

/.  Sarcinae. 

(j.  Merismopedia. 
h.  Ascococcus. 

Bacilli — 
a.  Leptothrix. 
h.  Cladothrix. 
c.  Streptothrix. 

Spirilla — 
a.  Vibrio. 
h.  Spirillum, 
c.  Spirochscta. 

3.  According  to  motion  : 

a.  Nonmotile. 
h.  Motile. 

c.  Brownian  motipn. 

4.  According  to  arrangement  of  flagella : 

a.  Monotrichic.  - ‘ 

h.  Amphitrichic. 

c.  Lephotrichic. 

d.  Peritrichic. 

5.  According  to  relation  to  spores : 

1.  Nonspore  hearing. 

2.  Spore  bearing — 
a.  Endospores. 
h.  Arthrospores. 
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MAKING  PLATES. 

1.  Kocli’s  method — glass  plates. 

2.  Esmarch’s  roll  tubes. 

3.  Slants  of  agar  and  gelatin  in  test  tubes. 

4.  Petri  dishes — 

Streaking  on  surface  with  platinum  wire. 
Daubing  with  swabs  on  surface. 

Mixing  while  fluid. 


Obtaixixg  puee  Cultuees — 

1.  By  plate  method  on  solid  media. 

2.  By  dilution  in  liquid  media. 

3.  By  temperature. 

4.  Inoculation  into  animals. 

5.  Negative  plates. 

6.  Special  methods. 


Obseeve  Geowth  and  Multiplication  of  Bacteeia  in  Cell  Slide  — Agae 
Method  : 

1.  Division  of  bacilli. 

2.  Division  of  cocci. 

3.  Sporulation. 


Study  of  Beownian  Movement  with  : 

India  ink  and  other  substances  in  hanging  drop. 
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THE  PRINCIPLES,  CHEMISTRY,  AND  PRACTICE  OF  STAINING 

A.  Vegetable  stains  : 

1.  Carmine — 

o.  Acid. 

b.  Alcoholic. 

c.  Alum. 

d.  Borax. 

2.  Hematoxylin — 

a.  Delafield’s  hematoxylin. 

b.  Alum  hematoxylin. 

c.  Hemalum  (Meyer). 

d.  Hematoxylin  and  eosin. 

B.  Aniline  stains ; 

1.  Acid  stains — 

a.  Eosin. 

b.  Acid  fuchsin. 

c.  Orange  G. 

d.  Soudan. 

e.  Picric  acid. 

2.  Basic  stains — 

a.  Methylene  blue  (Loffler’s  solution). 

b.  Thionin. 

c.  Fuchsin  (Carbol-fuchsin). 

d.  Gentian  violet  (Ehrlich’s  aniline  water.) 

e.  Methyl  violet. 

/.  Bleu  d’  argent. 

C.  Gram’s  method  and  solution : 

D.  Decolorization  and  differentiation  : 

a.  Water. 

b.  Alcohol. 

c.  Aniline  oil. 

d.  Hydrochlorate  of  aniline,  2 per  cent. 

e.  Acids — organic  and  mineral. 

E.  Staining  of  spores : 

Moller’s  method. 

F.  Staining  of  flagella  : 

a.  Loffler’s  method. 

b.  Victoria  blue. 

c.  Von  Ermengem’s  method. 
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PEINCIPLES,  CAEE,  AND  USE  OF  INSTRUMENTS  AND  APPARATUS 

a.  Centrifuge. 

h.  Crematory. 

c.  Photographic  apparatus. 

d.  Cleaning  glass  ware. 

e.  Microscope. 

/.  Paraffin  bath. 

g.  Analytical  balance. 

h.  Microtome. 

i.  Thermostats. 

j.  Thermo-regulators ; electric,  mercurial,  metallic. 

k.  Vacuum  pumps. 

l.  Blow  pipe. 

m.  Camera  lucida. 

n.  Spectroscope. 

0.  X-ray  tubes  and  induction  coil. 

p.  Autoclaves. 

q.  Dry  wall  sterilizer. 

r.  Arnold  steam  sterilizer. 

s.  Blood  serum  sterilizer. 

t.  Cold  chamber. 

u.  Sterilization  of  instruments. 

V.  Sharpening  and  care  of  cutting  instruments. 
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)PTIC  PRINCIPLES  INVOLVED  IN  MICROSCOPY 

1.  Lenses: 

а.  Plano-convex. 

б.  Biconvex. 

c.  Concave. 

d.  Biconcave. 

e.  Doublets. 

/.  Triplets. 

g.  Quadruplets. 

2.  Objectives: 

a.  Achromatics. 

b.  Apochromatics. 

c.  I’anchromatics. 

3.  Oculars: 

a.  Huygheniau. 

b.  Compensation. 

c.  Spectroscopic. 

d.  Micrometer: 

e.  Projection. 

4.  Condensers  : 

a.  Simple — 

1.  Biconvex. 

2.  Plano-convex. 

b.  Abbe — 

Numerical  aperature  1.20. 

Numerical  aperature  1.40. 

.5.  Microphotography  and  projection  : 

6.  Micrometers : 
a.  Stage. 
b Ocular. 

c.  Projection. 
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3IEASUEEN’G  MICROSCOPIC  OBJECTS— 

1.  Eye-piece  micrometer. 

2.  Stage  micrometer. 

3.  PhotograpMc  method. 


Glass  Blowts'g — 

1.  The  blowpipe. 

2.  Pipettes. 

3.  Bulbs. 

4.  Welding. 

5.  Sealing  and  opening  glass  containers. 

6.  I^Iahing  test  tabes. 

7.  flaking  perforated  tnbe.s  for  collodinm  sacks. 


Folding  Papke  Filtkes. 


Peepaels-g  Bacteeiologic  Filtees  (Pees-ciples  akd  Peactice 

1.  Kaohn. 

2.  Diatomaceons  earth. 

3.  Asbestos. 

4.  Sand  filtration. 
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PREPARATION  AND  MOUNTING  OF  HISTOLOGIC  SPECIMENS— 

1.  Fixation ; 

a.  Acetic-bichlorid  of  mercury. 

b.  Mullers  fluid. 

c.  Chrom-acetic  acid. 

d.  Flemming’s  solution. 

e.  Formaldehyd. 

/.  Absolute  alcohol. 

2.  Dehydration : 

a.  Alcohol  70  per  cent  (iodine  alcohol  if  Hg  Clj). 

b.  Alcohol  85  per  cent. 

c.  Alcohol  95  per  cent. 

d.  Absolute  alcohol,  twice. 

3.  Clearing ; 

a.  Xylol. 

b.  Chloroform. 

c.  Turpentine. 

d.  Oil  cloves. 

e.  Oil  bergamot. 

/.  Oil  origanum. 

4.  Infiltration  and  imbedding : 

a.  Paraffin. 

b.  Celloidin. 

5.  Sectioning : 

a.  Single  sections. 

b.  Serial  sections. 

6.  Attaching  section  to  slide : 

a.  Alcohol  85  per  cent. 

b.  W ater. 

c.  Myer’s  albumen. 

d.  Gum  Arabic. 

e.  Collodium  and  clove  oil. 

7.  Removal  of  imbedding  material  : 

a.  Xylol  to  remove  paraffin. 

b.  Alcohol  and  water. 

8.  Staining : 

a.  Nuclear  staining. 

b.  Protoplasmic. 
c Regressive. 

d.  Gram’s. 

e.  Bacterial. 

/.  Special. 

9.  Dehydration  in  absolute  alcohol,  aniline  oil : 

10.  Clearing : 

a.  Xylol. 

b.  Turpentine. 

c.  Oil  origanum. 

d.  Oil  bergamot. 

e.  Oil  cloves. 

/.  Chloroform. 

11.  Mounting  in  xylol  balsam  : 
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THE  PARAFFIN  BATH  AND  PARAFFIN  IMBEDDING 

A.  Fixing. 

B.  Dehydration. 

C.  Clearing. 

D.  Imbedding  in  paraffin. 

E.  Molding  block. 

F.  Cutting. 

G.  Method  of  numbering,  registering,  and  storing. 
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CELLOIDIN  IMBEDDING— 

A.  Prepare  a thin  celloidin  solution  containing  4 per  cent  celloidin  in  equal  parts 

of  absolute  alcohol  and  ether. 

B.  Prepare  a saturated  solution  in  the  same  solvent. 

C.  Transfer  tissue  from  absolute  alcohol  to  equal  parts  of  alcohol  and  ether. 

D.  From  alcohol  and  ether  to  thin  celloidin. 

E.  From  thin  celloidin  to  thick  celloidin. 

F.  From  thick  celloidin  to  paper  mold  on  cork. 

G.  Into  70  per  cent  alcohol  for  three  days  to  harden. 

H.  Cut  section  with  knife  flooded  with  70  per  cent  alcohol. 

I.  Stain. 

J.  Dehydrate. 

K.  Clear. 

L.  Mount. 
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METHOD  OF  MAKING  FROZEN  SECTIONS.  (Wright.) 

I 

1 . 'Place  tissue  not  over  5 mm.  thick  in  10  per  cent  formalin  for  two  or  more  hours.  I 

2.  Wash  in  water.  , 

3.  Freeze  with  CO2  or  ether. 

4.  Cut  frozen  sections. 

5.  Float  sections  in  normal  salt  solution  and  then  on  slide. 

6.  Cover  section  with  cigarette  paper,  then  with  blotter  moistened  with  95  per  cent 

alcohol.  Press.  Remove  papers. 

7.  Cover  with  absolute  alcohol  thirty  seconds.  Drain. 

8.  Flow  over  the  section  and  adjacent  parts  of  the  slide  a thin  solution  of  celloidin 

in  equal  parts  of  absolute  alcohol  and  ether.  Drain  off  immediately.  The 
celloidin  should  form  a coating  so  thin  as  to  be  invisible. 

9.  Flood  the  slide  with  95  per  cent  alcohol  and  then  immerse  in  water.  This  hard- 

ens the  film. 

10.  Stain. 

11.  Dehydrate. 

12.  Clear  with  oil  origanum.  ; 

13.  Mount  in  Canada  balsam. 
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STAINING  TISSUES  IN  SECTIONS. 

1.  Ilem-alum  and  eosin. 

2.  Delafield’s  hematoxylin. 

3.  Eosin  and  thionin. 

4.  Carmine  stains. 

5.  Weigert’s  fibrin  stain. 

6.  .Tenner’s  stain. 

7.  Van  Giesen  for  connective  tissues. 


STAINING  BACTERIA  IN  SECTIONS. 


1.  Gram’s  method. 

2.  Eosin  and  thionin. 

3.  Thionin. 

4.  Methylene  blue. 


STUDY  OF  TUMORS. 


Classification. 

Cut  sections  and  study  : 

1.  Myomata. 

2.  Neuromata. 

3.  Angiomata : 

a.  Simple. 

b.  Cavernous.  • 

4.  Lymphangiomata: 
a.  Simple. 

h.  Cavernous. 

5.  Fibromata. 

6.  Myxomata. 

7.  Lipom’ata. 

8.  Chondromata. 

9.  Osteomata. 

10.  Gliomata. 

11.  Sarcomata: 

a.  Round  celled. 
h.  Lympho-sarcoma. 

c.  Alveolar. 

d.  Spindle  celled. 

€.  Melano  sarcoma. 
/.  Osteoid. 

g.  Psammomata. 

h.  Myeloid. 

i.  Angio  sarcoma. 

j.  Endothelioma. 

12.  Papillomata. 

13.  Adenomata. 

14.  Carcinomata  : 
a.  Acinous. 

h.  Epitheliomata. 

15.  Cy stomata. 
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ANIMAL  INOCULATIONS— 

1.  Subcutaneous  method  : 
a.  Liquids. 

1).  Solids. 

2.  Intravenous  method. 

3.  Inoculation  into  lymphatic  system. 

4.  Inoculation  into  serous  cavities  : 
a.  Peritoneum. 

h.  Pleural  cavity, 
c.  Subdural  space. 

5.  Inoculation  into  anterior  chamber  of  eye. 


Obseevation  of  Animals  Aftee  Inoculation — 

1.  Temperature. 

2.  Loss  of  weight. 

3.  Peculiar  position  in  cage. 

4.  Loss  of  appetite. 

5.  Condition  of  coat. 

6.  Condition  of  secretions,  etc. 


POST-MOETEM  EXAMINATION  OF  ANIMALS — fP 

1.  Cultures  from  the  organs. 

2.  Cultures  from  the  fluids. 

3.  Preparation  and  staining  of  tissues. 


Incineeation  of  Dead  Animals  Aftee  Examination — 


Making  Collodium  Sacks — 

Paris  method. 

Gelatin  capsule  method. 

With  glass  support  and  gelatin  (method  of  Grubbs  & Francis). 
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i BACILLUS  COLT  Migula,  1900,  \_Bactenwn  coU  commune  Escherich.] 

A.  Distribution. 

B.  Isolate  from  sewage. 

C.  Characteristics  : 

1.  Motility. 

2.  Gram’s  method. 

.S.  Nonliqnefaction  of  gelatin. 

4.  Indol. 

5.  Gas  production. 

6.  Colonies,  etc. 

D.  Pathogenesis. 

E.  Varieties. 

F.  Preparation  of  its  toxin. 

G.  Pathogenicity. 

H.  Study  of  blood  and  organs  of  infected  animals. 

I.  Significance  in  drinking  water. 

J.  Viability. 


BACILLUS  AXTHRACIS  Koch,  1876. 

A.  History. 

B.  Distribution. 

C-  Morphology: 

1.  Involution  forms. 

2.  Asporogenous  form. 

D.  Staining, 

E.  Cultural  characteristics. 

F.  Spores : 

1.  Formation — 

Relative  to  oxygen. 

Relative  to  nutrient  media. 

Relative  to  temperature. 

• 2.  Development  into  bacteria. 

G.  Pathogenesis  (mouse,  guinea  pig,  and  rabbit. ) 

a.  Pneumonic. 

5.  Hemorrhagic, 
c.  Local. 

H.  Examination  of  liver,  blood,  spleen,  lungs,  and  other  organs. 

I.  Vaccination  : 

First  vaccine — kills  mice,  not  guinea  pigs  or  rabbits. 

Second  vaccine — kills  mice  and  guinea  pigs,  not  rabbits. 
Third  vaccine — kills  mice  and  guinea  pigs  and  some  rabbits. 

J.  Disposal  of  anthrax  carcasses  : 

a.  Burial,  isolated  districts. 

6.  Burning. 

c.  Sulphuric  acid. 

d.  Boiling. 

K.  Human  anthrax  : 

a Malignant  pustule. 

1).  Wool  sorter’s  disease, 
c.  Intestinal  form. 

L.  Viability. 

M.  DDiufection  for  anthrax. 
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BACTERIUM  DIPHTHERI.E  (Loffler)  Migula.  IKlehs-Loffler  BacUhis.^ 

A.  History. 

B. ,  Morphology — relation  to  clinical  types. 

C.  Staining: 

1.  Loftier. 

2.  Neisser. 

3.  Roux. 

4.  Weigert’s  fibrin  method  for  tissues. 

5.  Gram’s  stain. 

D.  Biologic  characteristics. 

E.  Pathogenesis : 

1.  Guin^*a  pig. 

2.  Rabbit. 

3.  Kitten. 

F.  Toxin  production. 

G.  Antitoxin  production : 

1.  Standardization. 

2.  Prophylactic  use. 

3.  Curative  use. 

H.  Obtain  tubes  and  swabs  from  the  health  department  for  diagnosi*.. 

I.  Pseudo-diphtheria  bacillus. 

K.  Xerosis  bacillus. 

L.  Viability. 

M.  Disinfection  for  diphtheria. 
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BACTERIA  IN  INFLAMMATION  AND  SUPPURATION— 

Study  : 

A.  Micrococcus  aureus  (Rosenbach,  1884)  Migula,  1900.  [^Staphylococcus  pyogenes 
aureus  Rosenbach,  1884.] 

B.  M.  pyogenes  (Rosenbach,  1884)  Migula,  1900.  [S',  pyogenes  albus  Rosenbach, 

1884.] 

C.  M.  citreus  (Passet,  1885)  Migula,  1900.  [S.  pyogenes  ciireus  Passet,  1885.] 

D.  “ Staphylococcus  epiderinidis  albus  Welch.  ” 

E.  ilf.  gonorrhcese  (Bumm,  1885)  Fliigge,  1886. 

F.  Streptococcus  pyogenes  Rosenbach,  1884. 

G.  ^^Streptococcus  erysipelatos  Rosenbach,”  1884 

H.  Pseudomonas  aeruginosa  (Schroter,  1872)  Migula,  1900.  [Bacterium  aeruginosum 
Schroter,  1872;  Bacillus  pyocyaneus  Gessard,  1882.] 


Collect  pus  and  inflammatory  exudates  from  various  sources,  plate  out  and  study  bacteria 
found. 

Study  pus  in  smears  on  slides. 


Ducreyi s bacillus — Soft  chancre. 


Micrococcus  melitensis  Bruce,  1893. 


> THE  TYPHOID  GROUP— 

Study  : 

A.  Bacillus  typhosus  Migula,  1900. 

B.  Bacillus  dysenteriiB  Shiga,  1898  [uot  Migula,  1900]. 

C.  Bacillus  enteriiidis  Gaertner,  1888. 

D.  Para-colou  bacillus. 

E.  Para-typhoid  bacillus. 

F.  Bacillus  mu7-ium  ifiligula,  1900.  iBacillus  typi  inutnum  L'6(Aer,  18dS.'\ 

G.  Bacillus  of  Dauyz’s  virus. 

H.  Bacillus  psitticosis. 

I.  Bacillus  icteroides  Sanarelli,  1897. 

J.  Bacillus  coli  Migula,  1900.  [Bacterium  coli  commune  Escherich.] 

K.  Methods  of  iutroduction  into  the  system. 

L.  Channels  of  elimination. 

M.  Viability. 

N.  Disinfection. 

O.  Relation  to  the  water  supply. 

P.  Relation  to  flies  and  other  insects. 

Q.  Widal  reaction. — 

a.  With  hanging  drop. 
h.  In  pipettes. 
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THE  TCBEECLE  GROUP— 

A.  Bacillus  tuberculosis  Koch,  ISS'2  : 

1.  Hnniao.  Isolate  in  pure  ciilttire  from  sputum. 

2.  Bovine. 

3.  Avian. 

Tuberculin — 

Production. 

Uses : 

1.  Diagnostic. 

2.  Therapeutic. 

B.  Acid  proof  organisms,  resembing  B.  tuberculosis  : 

1.  Holler’s  grass  bacillus.  Isolate  from  timothv. 

O t. 

2.  Eabinowitsch’s  butter  bacillus. 

3.  Karlinsky’s  nasal  secretion  organism. 

4.  Smegma  bacillus. 

C.  Bacillus  leprse  Hansen. 

D.  Bacillus  mallei  (Loffler,  1SS6)  ]Migula,  1900 ; 
Mallein. 

• Straus  method  in  male  guinea  pig. 

E.  Actinomycosis. 

F.  2>Iycetoma,  madura  foot. 

G.  Pathogenic  streptothrices. 
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THE  VIBRIO  GROUP— 

A.  JJicrosjnra  comma  Schroter,  1886.  [Koch’s  comma  bacillus  of  Asiatic  cholera.] 

B.  Microspira  MeUhnikovi  (Gamaleia,  1888)  Migula,  1900. 

C.  3Iicrospira  Finkleri  Schroter. 

D.  Vibrio  Denecke. 

E.  3Iicrospira  oquatilis  (Gunther,  1892)  Migula,  1900. 

Pfeifter’s  phenomenon. 

Widal  reaction. 

Immunity. 

Haft'kine’s  prophylactic. 

Viability. 

Disinfection  for  cholera. 


RELAPSING  FEVER. 
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BACILLUS  PE3TIS  Kitasato  & Yersin,  1894. 

A.  Study — morphology,  staining  and  cultural  characteristics 
Viability. 

Channels  of  entrance. 

Channels  of  elimination. 

Pathogenicity — guinea  pigs,  rabbits,  rats,  mice. 

Diagnosis : 

Yersin  serum — 

Method  of  manufacture  and  standardization. 
Prophylactic  use. 

Curative  use. 

Haffkine  prophylactic — 

Methods  of  manufacture. 

Uses. 

B.  Disinfection. 

C.  Quarantine. 

D.  Relation  of  rats  and  other  mammals  to  spread  of  plague. 

E.  Relation  of  fleas,  flies,  and  insects  to  spread  of  plague. 
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SEPTICEMIC  GROUP— 

A.  Mouse  septicemia. 

B.  Rouget  du  pore. 

C.  Chicken  cholera. 

D.  Swine  plague. 

E.  Ferret,  duck,  buflalo,  and  other  plagues. 

F.  •Bacillm  pestis  Kitasato  & Yersin,  1894. 

G.  Bacterium  pneumonix  (Weichselbaum,  1886)  Migula,  1900.  [_Diplococeus  pneu- 

monix  Weichselbaum,  1886.] 

H.  Bacterium  pneumonicum  1900.  [Pnet47?i07uecoccus  Friedliinder,  1882.] 

I.  Bacterium  injluenzx  Lehmann  & Neumann,  1896. 


1 
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ANAEROBIC  TECHNIQUE— 

A.  Kipps’  hydrogen  apparatus  : 

1.  Mechanics. 

2.  Chemicals. 

B.  Simple  hydrogen  generators. 

C.  Solutions  for  purifying  gas  : 

1.  Silver  nitrate  for  chlorine. 

2.  Potassium  permanganate  for  oxygen. 

3.  Lead  acetate  for  sulphides. 

D.  Media  best  suited  for  anaerobes  : 

1.  Freshly  prepared  media. 

2.  Glucose  media. 

E.  Special  methods : 

1.  Fraenkel’s  method. 

2.  Esmarch’s  method. 

3.  Liborius’  method. 

4.  Buchner’s  method. 

5.  Novy’s  jars. 

6.  Wright’s  method. 

7.  Pasteur  Institute  method. 

8.  Vignal’s  tubes. 

9.  Full  tubes  of  bouillon. 

10.  Deep  stabs. 

11.  Oil  method. 
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ANAEROBES— 

A.  Bacillus  ietani,  its  toxin  and  antitoxin. 

B.  Bacillus  cedematis  of  malignant  edema. 

C.  Bacillus  Chauvxi  Arloing,  Cornevin  & Thomas,  of  symptomatic  anthrax  : 

Vaccine — 

1.  Manufacture. 

2.  Use. 

D.  Bacillus  Wdchii  Migula,  1900.  {^Bacillus  aerogenes  capsulatus  Welch  & Nuttall,  1892.  ] 
Disinfection  for  above. 


PATHOGENIC  MOLDS— 

Bing  worm: 

Microsporon  Audouini  (Gruby). 
Trichophyto  n — 

1.  T.  endothrix. 

2.  T.  ectothrix. 

Hair  lesions. 

Pure  cultures. 

Favus : 

Achorion  Schoenleinii  Remak. 
In  the  hair  and  scale. 

In  pure  culture. 
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YEASTS— 

Saccharomyces  cerevisise  Meyen  (beer  yeast)  in  pure  cultures : • 

Effect  on  saccharine  media. 

Budding. 

Red  yeast — S.  gluiinis. 

Black  yeast — S',  niger. 

Saccharomyces  albicans  (Robin)  Reess,  1877  [Oidiiim  albicans  Robin]  thrush,  in  pure 
culture. 

Pathogenic  yeasts. 
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EXAMINATION  OF  UEINE— 

Note : 

1.  Odor. 

2.  Color. 

3.  Deposit.  Filtration  of  specimen. 

4.  Specific  grayity. 

5.  Eeaction. 

6.  Quantity  in  twenty-four  hours. 

7.  Albumen — 

Tests  for  albumen ; quantitatiye  and  qualitative  : 

a.  Heat  (phosphates). 

b.  Nitric  acid,  in  test  tube  and  in  glass. 

c.  F erro-cyanide  potash ; acetic  acid. 

d.  Picric  acid,  Esbach’s  albumenometer. 

8.  Sugar — 

Test  for  sugar : 

а.  Fehling’s  solution. 

б.  Bismuth. 

c.  Quantitative  estimation  with  yeast  and  with  Fehling’s  solution. 

9.  Estimation  of  urea. 

10.  Bile,  test  for. 

11.  Microscopic  examination  of  sediment  for  bacteria,  casts,  crystals,  blood,  etc. 
ScMstosorna  haematobium  (Bilharz,  1852)  Weinland,  1858. 

12.  Test  for  chlorides. 

13.  Diazo  reaction. 

14.  Bacteriologic  examination  of  urine. 

15.  Disinfection  of  urine. 
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BACTERIOLOGIC  AND  MICROSCOPIC  EXAMINATION  OF  FECES 

1.  Microscopic  : 

а.  Normal  constituents. 

б,  Intestinal  parasites  and  their  eggs — 

Ascaris  lumhricoides  (Linnaeus,  1758). 

Oxyuris  vermicularis  (Linnaeus,  1758)  Bremser,  1819. 

Trichuris  trichiura  (Linnaeus,  1771). 

Uncinaria  duodenalis  (Dubini,  1843). 

Uncinaria  americana  Stiles,  1902. 

Txnia  saginata  Goeze,  1782. 

Tsenia  solium  Linnaeus,  1758. 

DibothriocepMlus  lotus  (Linnaeus,  1758). 

Amoeba  coli  Loesch,  1875. 

2.  Bacteriologic : 

a.  Normal  flora. 

b.  Pathogenic — 

Bacillus  dysenterise. 

Bacillus  tuberculosis. 

Bacillus  typhosus. 

Microspira  comma. 

3.  Disinfection  of  feces. 
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BACTERIOLOGIC  AND  MICROSCOPIC  EXAMINATION  OF 
Sputnm,  nasal  and  other  mncous  secretions  : 

Tubercle  bacilli. 

Pneumococci. 

Influenza  bacterium. 

Disinfection  of  sputum. 
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BLOOD. 

Technique  of:' 

1.  Collecting  blood  for  microscopic  examination. 

2.  Collecting  blood  for  bacteriologic  examination — 

a.  Small  amount. 

h.  Large  quantities. 

Of  man. 

Of  other  mammals. 

Of  birds. 

Of  reptiles. 

3.  Observe  circulation  of  blood  under  microscope. 

Mesentery  of  frog. 

4.  Estimate  alkalinity. 

5.  Estimate  specific  gravity  of  blood  with  mixture  of  chloroform  and  benzol. 

6.  Examine  fresh  blood  in  hanging  drop. 

7.  Examine  fresh  blood  betvs^een  slide  and  cover  slip. 

8.  Study  of  blood  films  : 

a.  Method  with  cover  glass. 
h.  Method  with  special  rod. 

c.  Method  with  cigarette  paper. 

9.  Fixation  of  blood  films  : 

a.  Heat,  150°  C.  for  about  five  minutes. 
h.  Alcohol  and  ether. 

c.  Formalin. 

d.  Formaldehyd. 

e.  Acetic  acid  bichlorid. 

10.  Staining. 

a.  Plhrlich-Biondi-tri-acid  stain. 
h.  Jenner’s  stain. 

c.  Romanowsky’s  stain. 

d.  Goldhorn’s  fiuid. 

e.  Eosin  and  methylen  blue.  ■ 

/.  Thionin  and  eosin. 

11.  Counting  red  corpuscles. 

Thoma-Zeiss  hemocytometer. 

12.  Estimating  the  number  of  leucocytes  : 

a.  With  the  Thoma-Zeiss  hemocytometer. 
h.  Comparative  count  of — 

a.  Small  lymphocytes. 

b.  Large  lymphocytes  and  transitional  forms. 

c.  Polymorphonuclear  neutrophiles. 

d.  Eosinophiles. 

e.  Mast  cells. 

13.  Estimating  the  amount  of  hemoglobin  : 

With— 

a.  Dare’s  hemoglobinometer. 

b.  Oliver’s  hemoglobinometer. 

c.  Gower’s  hemoglobinometer. 
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BACTERIA  IN  THE  AIR— 

1.  Number : 

Sewer  air. 

Expired  air. 

Sea  air. 

City  air. 

Country  air. 

Air  in  houses,  hospitals,  etc. — 
Relation  to  the  sun. 

Relation  to  habitation. 

Relation  to  winds  and  traffic. 

Relation  to  altitude. 

Pasteur’s  method. 

Miquel’s  method. 

Aeroscopes. 

Frankland’s  method. 

Petri’s  method. 

Hesse’s  method. 

Straus’  method. 

« 

2.  Varieties. 

3.  Estimation  of  ammonia  in  the  air. 

4.  Estimation  of  carbon  dioxid  in  the  air 
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BACTERIA  IN  WATER— 

1.  Count  number  per  1,000  c.  c.  : 
a.  In  tap  water. 

h.  In  river  water. 

c.  In  spring  water. 

d.  In  rain  water. 

e.  In  ice. 

2.  Varieties. 

3.  Collecting  samples. 

4.  Estimation  of  organic  matter — 

а.  Free  ammonia. 

б.  Albuminoid  ammonia. 

5.  Estimation  of  nitrates  and  nitrites. 

6.  Estimation  of  cblorids. 

7.  Purification  of  water  : 

Heat. 

Filters — 

а.  Household  filters. 

б.  Field  and  camp  filters, 
c.  Sand  filters — 

Alum. 

Hyperoxid  of  chlorin. 

Ozone. 

Permanganate  of  potash. 


BACTERIA  IN  SOIL 

1.  Number, 

2.  Varieties. 
Nitrification. 


I 
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PURIFICATION  AND  DISPOSAL  OF  SE^yAGE. 

1.  Dilution. 

This  method  is  allowable  for  cities  situated  on  the  sea  or  on  rivers  whose  flow  is  very 
large  as  compared  with  the  sewage  (100 ; 1)  and  the  unfiltered  water  of  which  is  not  used 
as  a water  supply. 

2.  Sewage  farming. 

3.  Chemical  precipitation. 

4.  Intermittent  filtration. 

Needs  sandy  soil. 

5.  Septic  tank. 

6.  Contact  bed  treatment. 

7.  Continuous  filtration : 

a.  Scott-Moncrieflf  system.  , 

b.  The  Ducat. 

c.  Whitaker  & Bryant. 

d.  F.  Stoddart. 

e.  G.  Salford. 
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MILK— 


1.  Histology. 


2.  Bacteria  in  milk  : 
Number. 

Origin. 


Varieties. 

Diseases  conveyed  by  milk. 

3.  Fermentation — 

Lactic  acid. 

Butyric  acid. 

Sweet  curdling. 

Abnormal. 

4.  Pasteurization : , 

Theory  and  practical  uses. 

Changes  produced  in  milk. 

5.  Count  and  study  colonies  in  fresh  milk  and  milk  bought  in  open  market. 
Pasteurize,  then  count  and  study  colonies. 

6.  Sterilization  of  milk  by  heat;  practical  application  and  changes  produced  in 

milk. 

7.  Milk  preservatives. 
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PRINCIPLES  AND  PRACTICE  OF  DISINFECTION  AND  STERILIZATION. 

Physical  agents. 

1.  Sunlight  — 

Expose  spores  of  anthrax,  subtilis,  etc. 

Expose  nonspore-bearmg  organisms  as  typhoid,  diphtheria,  etc.,  to  the  sunlight 
in  thin  films  and  for  penetration.  Note  intensity  of  the  light,  temperature, 
dryness,  and  other  conditions.  Plant  in  bouillon. 

2.  Electricity — 

Expose  slips  and  cultures  to  various  currents. 

Expose  to  electric  light. 

Expose  to  X-rays. 

3.  Dryness  and  dry  heat — 

Expose  slips,  or  threads  with  spore-bearing  and  nonspore-bearing  organisms  to  : 

a.  Dryness  at  room  conditions. 

b.  Dry  in  incubator  at  37°  C. 

c.  Dry  over  sulphuric  acid. 

d.  Dry  heat  at  60°  C., 

100°  C., 

150°  C., 

for  variable  times. 

€.  Expose  paper  slips  saturated  with — 

a.  Decomposing  urine, 

b.  Sewage, 

c.  Garden  earth, 

to  150°  C.  for  one  hour  to  test  power  of  sterilization  of  this  temperature. 
Hot-air  sterilizer. 

Note. — Plant  in  bouillon  and  keep  one  week  for  growth. 

5.  Moist  heat — hot  and  boiling  water  and  steam  : 

Expose  typhoid,  diphtheria,  and  other  nonspore-bearing  organisms  to  50°,  60°, 
70°,  80°,  and  100°  C.  moist  heat  for  variable  times  ; plant  in  bouillon. 

Expose  anthrax,  subtilis,  and  other  spores  to  70°,  80°,  90°,  and  100°  C.  moist 
heat  for  variable  times  ; plant  in  bouillon. 

6.  Theory,  mechanics,  and  practical  application  of  steam  in — 

a.  Koch  steamer. 

b.  Arnold  steam  sterilizer. 

c.  Autoclave  (steam  under  pressure). 

d.  Steam  chamber  (steam  under  pressure). 

Make  practical  tests  in  each. 
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TESTING  OF  ANTISEPTICS— 

If  the  substance  belongs  to  the  Cresol  group,  prepare  1 per  cent,  2 per  cent,  3 per 
cent,  5 per  cent,  7 per  cent,  9 per  cent,  10  per  cent  solutions  of  the  substance  in  a 
set  of  bouillon  tubes. 

If  the  substance  belongs  to  the  metallic  salts,  make  Jirinij  2Woj  twoj  2To? 

solutions  in  a set  of  bouillon  tubes. 

Inoculate  with : 

а.  Decomposing  urine. 

б.  Sewage. 

c.  Garden  earth. 

d.  Typhoid. 

e.  Pus  cocci. 

f.  Anthrax  spores,  etc. 


Incubate  and  make  report  on  the  following  plan : 


Name  of  substance. — Strength  of 
solution. 

Minutes. 

1. 

2. 

3. 

5. 

10. 

15. 

20. 

30. 

Sewage 

G-arden  earth  

'Deer»Tnpr>sing'  nrine 

+ 



— means  no  growth,  -r  means  growth. 
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TESTING  GERMICIDES— 

Saturate  silk  threads, 
paper  slips, 
glass  slips,  etc.,  with 
subtilis  spores, 
anthrax  spores, 
typhoid  bacillus, 
diphtheria  bacillus, 
pus  cocci,  etc. 

Expose  to  the  solutions  of  germicide  in  varying  dilutions  and  for  varying  times  at 
constant  temperature,  and  at  the  same  dilution  at  varying  temperatures. 

Wash  or  neutralize  the  germicide. 

Plant  in  bouillon. 

Incubate. 

Report  growth  upon  similar  table  to  antiseptics. 

Test  the  following  upon  the  above  plan — 

A.  Bichloride  of  mercury. 

A.  Carbolic  acid  and  cresols. 

C.  Lime. 

D.  Copper  and  iron  sulphates. 

E.  Formalin. 
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GASEOUS  DISINFECTION— 

A.  Formaldehyd : 

a.  Chemistry  and  physics. 

5.  Sheet  method. 

c.  Generator — 

1.  Knhn  lamp. 

d.  Regenerators  without  pressure — 

1.  Trenner-Lee. 

2.  Lentz. 

e.  Regenerators  with  pressure — 

1.  Autoclave. 

/.  Heating  paraform. 

g.  Spraying. 

B.  Sulphur  dioxid  (SO2): 

a.  Liquid  sulphur  dioxid. 

h.  Burning  sulphur,  pot  method, 
c.  Sulphur  furnace. 

C.  Hydrocyanic  acid  gas. 

D.  Chlorin  gas. 

E.  Ozone  and  oxygen. 
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INSECTICIDES— 

A.  Tobacco  smoke. 

B.  Pyrethram. 

C.  Hydrocyanic  acid. 

D.  Formaldehyd  gas. 

E.  Sulphur  dioxide. 

F.  Coal  oil. 

G.  Arsenical  compounds. 

H.  Phosphorus. 

I.  Cobalt  salts. 

J.  Carbon  bisulphid  for  mosquitoes,  adults,  pupje,  and  larv 
Ants, 

Mosquitoes, 

Roaches, 

Fleas, 

Flies,  etc. 
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1.  THE  DISINFECTION^  OF  HOUSES,  SHIPS,  AND  OBJECTS. 

2.  THE  DISINFECTION  AND  PEOPHYLAXIS  AGAINST  THE  COMMUNI- 

CABLE DISEASES,  ESPECIALLY: 
a.  Yellow  fever. 

h.  Cholera. 

c.  Plague. 

d.  Smallpox. 

e.  Tuberculosis. 

/.  Typhoid  fever. 

g.  Malaria. 

h.  Dysentery. 

i.  Diphtheria. 

j.  Pneumonia. 

Tc.  Leprosy. 

l.  Anthrax. 

m.  Tetanus. 

n.  Dengue. 

0.  Eelapsing  fever. 

p.  Typhus  fever 

q.  Scarlet  fever. 

r.  Measles. 

Including  channels  of  introduction  and  elimination. 

Viability. 

Disinfection. 

Prophylaxis. 

Management  of  epidemics. 

Quarantine. 
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RABIES— 

Study  in  dogs. 

Study  in  rabbits. 

Prepare  spinal  cords  for  preventive  inoculation. 
Principles  and  methods  of  Pasteur  treatment. 
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VACCIJ^ATION  {mcdnia)— 

A.  History. 

B.  Methods  of  production  ; 

Vaccine  lymph. 

Vaccine  pulp — 

Dry  points. 

Glycerinated  pulp. 

C.  Technique  of  vaccination. 

D.  Immunity  produced. 

E.  Bacteriologic  and  microscopic  study  of  vaccine  matter. 

F.  Bodies  in  epithelial  cells — cornea  of  rahbits. 


Examination  of  vaccine — 

G.  Note  the  name  of  maker,  kind  of  virus,  etc. 

H.  Count  the  number  of  colonies  upon  : 

1.  Three  glycerinated  tubes  upon  agar. 

2.  Three  glycerinated  tubes  or  points  upon  gelatin. 

3.  Three  dry  points  upon  agar. 

4.  Three  dry  points  upon  gelatin. 

I.  Study  the  character  of  the  organisms  found  upon  media  and  animals. 

J.  Plant  the  entire  contents  of  6 tubes  in  bouillon,  grow  anaerobically  and  study  the 

characters  of  the  growth  upon  media  and  by  inoculation  in  animals. 

K.  Study  the  dry  points  as  in  J. 

L.  Inoculate  the  contents  of  12  tubes  and  12  points  directly  into  mice,  rats,  and 

guinea  pigs. 

M.  Keep  full  notes  of  all  results. 

N.  Visit  to  the  vaccine  farm  for  practical  study  of  manufacture  of  vaccine  com- 

mercially. 
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MALARIA— 

1.  Diagnosis. 

2.  Blood  technique. 

3 . Relation  to  mosquito  : 

a.  Tertian. 

b.  Quartan. 

c.  Aestivo-autumnal. 

Mosquitoes — 

Anatomy — dissections  fresh  specimens. 

Sections  in  paraffin. 

Development  and  raising. 

Classification. 

Diagnosis,  especially  ; 

a.  Culex. 

b.  Anopheles. 

c.  Stegomyia. 

A.  Malaria — the  Anopheles  : 

Study  Anopheles  one  each  day  after  biting  a malarial  case. 
Tertian. 

Quartan. 

Esti  vo-autumnal . 

B.  Yellow  fever  and  the  mosquito. 

C.  Filaria  and  the  mosquito. 
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INSECTS  AS  FACTORS  IN  TRANSMITTING  DISEASE 
The  mosquito. 

The  fly. 

The  ant. 

The  flea. 

The  bedbug. 

The  roach. 

The  tick,  etc. 

Texas  fever. 

Spotted  fever  of  Bitter  Root  Valley,  Mont. 
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TRYPANOSOMES— 

Inoculate  rat  with  Trypanosoma  Leuisi. 
i,  Dourine. 

I ’ 

' Surra. 

Nagana. 

i Mai  de  caderas. 

FILARIAL  EMBRYOS  {^^Filaria  sanyuinis  hominis^’)  in  the  blood. 
fl  Filaria  Bancrofii  Cobbold,  1877. 

Filaria  diurna  Manson,  1891. 

' Filaria  perstans  Manson,  1891. 

j Filaria  Demarquayi  Manson,  1805. 

I (Linnaeus,  1758).  [Guinea  Worm.] 


i 
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FERMENTS— 

Organized. 

Unorganized — enzymes. 

A.  Amylolytic : 

Ptyalin. 

Diastase. 

Amylopsin.  * 

Convert  starch  and  glycogen  into  sugar. 

B.  Proteolytic: 

Pepsin. 

Trypsin. 

Bacterial  peptonizing  enzymes. 

Convert  proteids  into  peptones. 

C.  Steatolytic — steapsin. 

Split  fats  into  fatty  acids  and  glycerin. 

D.  Invertin — in  intestinal  juice  and  yeast  cells. 

Convert  cane  sugar,  maltose,  lactose  into  glucose. 

E.  Coagulation : 

Rennet. 

Fibrin  ferment. 

Convert  soluble  into  insoluble  ferments. 

F.  Alcoholic  ferments : 

Saccharomyces. 

Converts  carbohydrates  into  alcohol,  carbon  dioxide,  etc. 
Fermentation  in — 

Wine. 

Beer. 

Vinegar,  acetic. 

Milk  : 

Lactic. 

Butyric. 

Koumys. 

Kefir. 
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: IMMUNITY— 

Natural, 

I Artificial. 

' Active. 

Passive. 

Acquired. 

Serum  therapy — 
Anti-infectious  sera. 
Antitoxic  sera. 
Prophylactic  sera. 
Curative  sera. 

Ehrlich’s  side  chain  theory. 
Phagocytosis. 

Preventive  vaccines — 
Vaccinia  (smallpox). 
Rabies. 

Anthrax. 

Symptomatic  anthrax. 
Swine  plague. 

Hog  cholera. 

Rouget  du  pore. 

Plague. 

Typhoid  fever. 

Cholera. 

Tetanus. 

Diphtheria. 
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TEAXSPOETATION  OF  DISEASED  TISSUES  AXD  BACTEEIOLOGIC  SPECI-i 

MENS,  ETC.,  BY  MAIL  AND  EXPEESS.  ^ 

The  EegnlatioiLs  of  the  Post-Office  Department,  Order  No.  176,  March  2,  1900. 

Mailing  cases.  j 

Methods  of  sending  dry  specimens.  •: 

Methods  of  sending  moist  specimens.  j 

Methods  of  preparing  and  forwarding  samples  for  bacteriologic  study. 

Methods  of  preparing  and  forwarding  samples  for  histologic  study. 


TREASURY  DEPARTMENT. 
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P R E F ACE. 


These  paj^es  contain  a sylla))us  of  the  course  in  patliolooy  and 
bacteriology  given  in  this  laboratory. 

The  object  of  the  course  is  to  thoroughly  equip  ollicers  of  the 
Service  in  the  techni([ue  of  pathology  and  bacteriology,  in  ordi'r 
better  to  lit  them  for  the  hospital,  quarantine,  epidemic,  and  public 
health  work  of  the  Service.  Officers  of  the  Service  who  have  taken 

I 

the  prescribed  course  arc  thorouglily  jmepared  to  make  a scientihc 
diagnosis  of  plague,  cholera,  diphtheria,  tetanus,  tuberculosis,  typhoid 
fever,  anthrax,  malaria,  and  other  infectious  j)rocesses,  as  well  as  to 
carry  on  original  investigations  for  themselves. 

The  course  as  outlined  requires  one  year  for  its  completion.  The 
student-officer  is  re([uired  to  work  (aich  subject  until  he  has  mastered 
it  before  going  to  the  next.  Such  deliberation  permits  a thorough- 
ness that  is  not  possible  Avhen  work  is  hurried  or  limited  to  a sliort 
period  of  time. 

Special  com'sex. — A spi'cial  course  lasting  three  months  is  sometimes 
given  to  officers  of  the  Service.  This  course  deals  especially  with 
clinical  bactiudology  and  pathology,  and  consists  of  the  following  sub- 
jects: Microscopical  jiractice,  making  of  culture  media,  bacteriological 
techni(jue,  the  cutting  and  staining  of  pathological  stiecimens,  the 
study  of  tumors,  the  diagnosis  of  diphtheria,  tuberculosis,  chohu-a, 
tyiihoid  fever,  anthrax,  tilague,  and  malaria;  the  bacteriological  (‘xam- 
ination  of  water,  and  the  princi|)les  and  t)ractice  of  disinfection. 

Another  course  lasting  six  months  consists  of  the  subjcnds  as  above, 
elaborati'd  in  many  details.  A more  thorough  study  of  th('  sapro- 
phytic bacteria  is  undertaken.  A ra})id  review  of  histology  and  gen- 
eral t)athology  is  given,  jind  it  also  includ(‘s  a more  d(‘taih*d  study  of 
the  cultural  and  biological  characteristics  of  tin'  ])athogenic  bacttu’ia. 
This  course  also  includes  the  t('chni(jue  of  blood  (‘xaminations  and  the 
diagnosis  of  the  more  common  ainmal  ])arasit('s. 

Modified  courses  are  also  t^iven  to  officers  who  come  to  the  lab- 
oratory  well  (tualitied  by  pr(‘vious  training  in  both  ])ath(/logv  and 
hacteriolotrv,  but  who  d(‘sire  to  obtain  tin*  r(‘C(‘nt  iindhods  and 
improvements  in  these  subj(‘cts,  as  w(dl  as  to  d(‘V(‘lop  tlnnr  knowledge 
in  certain  brancln's  that  have  a })ai‘ticulai'  bcaii’ing  u))on  the  ])ublic 
health. 
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The  exact  sequence  as  g-iven  on  the  following  pages  is  not  strictly 
adhered  to,  because  it  is  the  desire  of  the  director  to  make  the  course 
as  practical  as  circumstances  will  permit.  Therefore,  the  study  of 
diphtheria  is  usually  left  until  the  fall  of  the  year  or  winter,  when 
practical  experience  may  be  had  with  the  cases  which  usually  occur  in 
the  District.  The  studies  upon  vaccinia  and  smallpox  are  taken  up 
during  the  winter  months,  which  time  is  more  apt  to  oder  material 
and  cases.  Malarial  work  is  of  course  largely  conlined  to  the  summer 
and  fall  seasons. 

In  connection  with  the  health  department  of  the  District,  the  work 
of  diagnosing  diphtheria  from  swabs  and  culture  tubes  and  the  admin- 
istration of  antitoxin,  both  for  prophylactic  and  curative  purposes,  is 
carried  on  by  each  student-officer.  In  connection  with  the  studies 
upon  vaccinia,  a visit  is  always  made  to  one  of  the  large  vaccine  farms, 
which  offers  special  advantages  for  observing  the  process  of  vaccinat- 
ing- the  calves,  obtaining  the  lymph  and  pulp,  glycerinating  the  virus, 
and  preparing  the  product  for  market.  In  like  manner  advantage  is 
taken,  so  far  as  it  is  practicable,  of  the  material  in  hospitals  and  other 
institutions  situated  in  the  District  of  Columbia. 

It  will  be  noticed  that  in  this  edition  more  attention  is  given  to  the 
subjects  of  pathologic  histology,  and  a short  review  in  normal  histology 
has  also  been  added.  A collection  of  tumors  and  pathologic  processes 
has  been  obtained  fi’om  various  sources  and  these  are  cut.  stained, 
mounted,  and  studied  by  each  student- officer;  and  these  specimens  are 
used  to  demonstrate  the  quiz  which  is  conducted  by  the  director  of  the 
Ir.boratory.  The  pathologic  histology  of  all  infectious  processes  upon 
the  lower  animals,  which  are  studied  in  the  laboratorv.  are  thoroughlv 
worked  up  by  each  student-officer  in  a systematic  manner.  Tumors 
and  other  specimens  are  received  from  time  to  time  from  the  various 
hospitals  and  quarantine  stations  of  the  Service,  and  similar  advantage 
is  taken  of  such  material. 

In  view  of  the  growing  importance  of  animal  parasites  in  the  causa- 
tion of  disease,  a Division  of  Zoologw  has  been  added  to  the  Hvgienic 
Laboratorv  and  the  chief  of  this  division  gives  each  student-officer 
instruction  in  the  various  organisms  of  this  class  parasitic  to  man. 

It  will  also  be  noticed  that  considerable  importance  is  given  to  the 
subject  of  disinfection  and  disinfectants.  This  arises  from  the  fact 
that  officers  of  the  Service  are  required  not  only  in  their  hospital  work, 
but  more  especially  in  their  quarantine  and  public  health  duties,  to 
thoroughly  understand  the  theory  and  practice  of  this  important  sub- 
ject. Each  student-officer  is  required  to  master  the  theory  and  mechan- 
ics of  all  the  important  disinfecting  apparatus  and  to  make  actual  tests 
upon  the  efficiency  and  value  of  each  one. 

The  scientitic  workers  in  the  laboratorv  meet  one  evening  each  week 
in  order  to  review  the  work  of  the  week  and  to  discuss  the  current 
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literature.  Tlie  journsils  that  arc  received  are  assi^^ned  to  each  student- 
officer,  and  it  is  his  duty  to  present  a critical  review  of  ini[M)rtant 
articles  which  he  reads.  We  have  found  this  an  adniiral)le  phin  for 
keeping  thoroughly  abreast  with  the  large  aniount  of  literatim*  con- 
stantly appearing,  as  well  as  a stimulus  to  thought  and  work. 

In  connection  with  this  literary  work  each  student-officer  is  encour- 
aired  to  familiarize  himself  thoroughlv  with  the  use  of  the  librarv  facil- 
ities  in  Washington,  in  which  this  city  oti'ers  unexcelled  opportunities. 

After  the  student-officer  has  been  in  the  laboratory  several  months 
and  has  thoroughly  acipiainted  himself  with  the  necessary  techni(pie, 
opportunity  is  given  him  to  assist  with  the  work  of  the  lalioratorv, 
and  every  encouragement  is  otiered  to  work  out  original  ])rol)iems  of 
his  own. 

The  classes  have  been  small,  thus  allowing  for  the  individual  e(iuation 
of  each  student-officer,  as  well  as  a maximum  of  personal  attention. 
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LABORATORY  COURSE  IX  PATHOLOGY  AXI)  BACTERlOLOIiY. 


HYGIENIC  LABORATORY, 

United  States  Public  Health  and  Marine- Hospital  Service,  Washington,  I).  C. 


[By  ?.iii.T()N  J.  Rosenau,  Passed  Assistant  Surgeon  and  Director  of  the  Hygienic  Laboratory,  United  States 

Public  Health  and  Marine-Hospital  Service.] 

PliEPARATION  OF  MEDIA— 

1.  Bouillon: 

a.  Acid. 
h.  Neutral. 
c.  Alkaline. 

2.  Su^ar  free  bouillon  (colon  fermentation). 

8.  Glucose  ])ouillon. 

4.  Lacto.se  bouillon. 
n.  Dunhands  solution, 
d.  Gelatin. 

7.  Ag:ar-agar: 

a.  Glycerin  agar. 
h.  Litmus  agar. 

8.  Potato. 

9.  Blood-serum: 

ft.  Fluid. 

Coagulated. 

c.  Loftier’ s blood -.serum  mixture. 

10.  Milk. 

11.  Litmus  ndlk. 

12.  Aqueous  humor  of  <»x  (*ves. 

1.8.  Ascitic  fluid. 

14.  Urine. 
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STrT»EE>  FOR  :VEICKOSi:  ^PIC  PRACTICE— 

1.  r)>iaE<<>I!Eii5- 

3u  Pm  o4({>-2>I>EiL 
4.  Stamc-lii  bcu'Ees. 

5-  Ees<etal>I<e  celis. 

•5.  CcNteo-iii  imbeis. 

7.  limeiL  iit'ers- 
S-  Silk  fibers- 
§t.  FeatiL-effs. 

10.  H.-tir  of  mjaCT  aaa«l  of  lower  aaimals. 

11.  Seales-  of  Iwitrtrerliies  aja*l  of  oliier  incgeicts. 

12.  3.1ilk. 

13w  AirbsabMes- 
14-  Oil  «lmi>pe- 

15>.  TiBLegar  eels  i *a<psrfe'E 

10.  Tmbie  easts. 

17.  Clliatel  epHitbeliaHa. 

IS.  C'rystaLs  of  sosar.  salt,  ame  aei«l,  ebolesterin.  befflaatiii,  ao»l  vaiiocis?  cb^nkal?. 
10.  X^eoffttposiTig  meatr. 

ilJ'j'.  Hay  ieifinv^ogii- 

21.  Snrface*  waters. 

22.  Optacpie  ob|e»?t?  by  refi-eeie*!  ligbiL 
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POINTS  TO  bp:  observed  IX  DESCRIBING  AN  ORGANISM— 

1.  Its  source. 

2.  Ilaiifjing  drop.  P'orin,  size,  ^roujiin^  an<l  ihotility. 

II.  Spores. 

4.  Staining  j)eculiarities. 

5.  P'lagella. 

6.  Appearance  of  colonies  on  gelatin,  agar,  blood-serum,  |)<ttato,  etc. 

7.  Relation  to  oxygen. 

S.  Growth  on  gelatin. 

9.  Growth  on  agar. 

10.  Growth  on  blood-serum. 

11.  Growth  on  potato. 

12.  Growth  on  fluid  media: 
a.  Bouillon — 

1.  Acid. 

2.  Neutral. 

8.  Alkaline. 

I).  Dunham’s  solution — indol. 

18.  Milk  and  litmus  milk. 

14.  Reaction  of  media  best  suited  to  growth. 

15.  Changes  in  reaction  of  media. 

1().  Gas  production: 

a.  Glucose  bouillon. 
h.  Lactose  bouillon. 
r.  Saccharo.se  bouillon. 

d.  Mannite  bouillon. 

e.  Gluco.se  agar. 

/.  Glucose  gelatin. 

17.  Temperature  best  suited  to  development. 

IS.  Pathogenicity. 

19.  Reaction  to  sera  of  immune  animals,  antilxxlies,  precipitins  and  agglutinins. 

20.  Toxins. 
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STUDY  OF  SAPROPHYTES, 

Bacteria. 

Genus  Bacillus  Cohn — 

1.  Bacillus  subtilis  (Ehrenberg,  1833)  Cohn,  1872. 

2.  Bacillus  vulgaris  (Hauser,  1885)  Mignla,  1900.  \_Proteus  vulg<tris.^ 

3.  Bo.cillus  megaterium  de  Barry,  1884. 

4.  Bacillus prodigiosus  (Ehrenberg,  1839)  Fliigge,  1880. 

Genus  Pseudomonas  Mignla — 

5.  Pseudomonas  fluorescens  Mignla,  1900.  \_Bacillus  Jluore^rem^  Hqnffacienft  Fliigge, 

1886.] 

6.  Pseudomonas  aeruginosa  (SchrOter,  1872)  Mignla,  1900.  [^Bacterinm  aeruginosum 

Schruter,  1872;  Bacillus pyorganeus  (iesssird,  1882.] 

Genus  Planosarcina  Mignla — 

7.  Planosarcina  agilis  (Ali-Cohen,  1889)  IVIignla,  1900.  \^Micrococcns  agilis  Ali- 

Cohen,  1889.] 

Genus  Sarcina  Goodsir — 

8.  Sarcina  luiea  Schruter,  1886. 

Genus  Micro.spira  Schruter,  1886 — 

9.  Microspira  aq\udiUs  (Gunther,  1892)  Mignla,  1900.  \_Yihrio  aqnatilis  Giinther 

1892.] 

Common  molds — 

Oidium. 

Aspergillus. 

Peuicillium. 

Mucor. 

Yeasts — 

Beer  yeast  {Sn.ccliaromycen  cerevisix). 

Red  yeast. 

Black  yeast. 

Saccharomyces  ( Torula)  apiculalus. 
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tup:  systematic  position  of  bacteria. 

Lowest  forms  of  animal  life: 

Class  Ciliata — Balantidium  coli. 

Class  SiK)roz<ja — 

• ' Order  Coc(‘i(lii(la — The  oviform  coceidium,  Eimeria  xtiniiv. 

Order  ILemosporidia — Malarial  j)arasites,  Plasmodium. 

Onler  Sarcosporidia — Sarcocijstis  m iesrheriaua. 

C'lass  Mastigophora — 

Subclass  Flagellata — Tri/panos(nna  and  Trichomonas. 

Class  Sarcodina — 

Subclass  Rliizopoda — The  aiiieba  of  dyseuterv,  Kntanuha  hi.'itohjlira. 
Class  Mycetozoa — 

Order  Myxomycetes. 

This  group  presents  both  animal  and  plant  characters. 

Allied  forms  of  tlaxt  life: 

Alga*— 

C\vanophycea^. 

Pahnacea*. 

Bacteria — 

Chlorophyl. 

Pleomorphism. 

‘ ‘ Bacteri  u m zoph  i.  ’ ’ 

Vibrio  cholera’. 

Bacillus  pestis. 

The  bacterial  cell: 

Its  membranes — 

Capsule. 

Nucleus. 

Granules. 

^Methods  of  reproduction — 

Division. 

Sj)ore  formation. 
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CLASSIFICATION  OF  SCHIZOMAXETES— 

1.  According  to  some  characteristic  feature: 
a.  Chromogenic — production  of  color. 

J).  Photogenic — production  of  light. 

c.  Zymogenic — causing  fermentation. 

d.  Saprogenic — causing  putrefaction. 

e.  Pyogenic — causing  formation  of  pus. 

2.  According  to  morphology: 

Cocci — 

a.  Micrococci — spherical. 
h.  Dij)lococci — spheres  in  pairs. 

c.  Streptococci — spheres  in  chains. 

d.  Staphylococci — spheres  in  clusters. 

e.  Tetrads — spheres  in  double  j^airs. 

/.  Sarcin^e — spheres  in  bundles. 

li.  Ascococcus — massive  colonies  vith  tough,  thick,  gelatinous  envelox)es. 
Bacilli — 

a.  LejDtothrix — filaments  of  great  length. 

h.  Cladothrix — long  filaments,  j;)seudo-dichotomy,  motile  gonidia. 
c.  Streptothrix — branched  filaments,  mouldy  a2'»x>earance  on  solid  media, 
aerial  hyj^hfe. 

Sxiirilla — 
a.  A^ibrio. 

1).  Sj:)irillum. 

c.  Sx^irocheta.  (Prol)al  )ly  flagellate  animal  x>arasites. ) 

3.  According  to  motility: 

а.  Nonmotile. 

б.  Motile. 

c.  Bro^vnian  motion. 

4.  According  to  arrangement  of  flagella: 

a.  Monotrochal — a single  flagellum  at  the  end  of  the  cell. 
h.  AmxDhitrochal — a single  flagellum  at  each  x^ole. 

c.  Lephotrochal— a cluster  of  flagella  at  one  x^ole. 

d.  Peritrochal — a varying  namber  of  flagella  surrounding  the  body  of  the 

bacterium. 

5.  According  to  relation  of  sx>ores: 

1.  Nonspore  bearing. 

2.  Spore  bearing — 
a.  Endospores. 
h.  Arthrosx^ores. 

6.  According  to  relations  of  host; 

a.  Parasitic;  grow  and  develox:)  in  living  host. 
h.  Saxwophytic;  grow  and  develox^  upon  dead  organic  matter. 

c.  Pathogenic;  induce  disease. 

d.  Nonx)athogenic;  harmless;  may  be  x^arasitic  or  sax)rox)hytic.  ^ 

7.  According  to  relations  to  oxygen: 
a.  Aerobic. 

J),  Anaerobic. 

Facultative  and  obligate. 


■i 
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>rAKIXG  l‘LATKS,  I-ITC. 


1.  Koch’s  method — glass  i)lates. 

, 2.  Esmarch’s  roll  tul)es. 

' 3.  (Slants  of  agar  and  gelatin  in  test  tuhes, 

4.  Petri  dishes — 

j (Streaking  on  surface  with  platinum  wire. 

Daubing  with  swabs  on  surface. 

1 Mixing  while  tiuid. 


X)bsekvk  (Growth  and  I ulti  plication  of  I^vctekia  in  Cell  Slide — Aoar 

Method: 

1.  Division  of  bacilli, 
j 2.  Division  of  cocci. 

' 3.  (Sporulation. 


1 Study  of  Pkownian  ]\Iove.ment  with — 

India  ink  and  other  substances  in  hanging  drop. 


j, Counting  Colonies,  i.  e.,  number  of  liaeteria. 
f 1.  Petri  dishes — 


bsTAiNiNG  Puke  Cultures — 

1.  l>y  plate  method  on  solid  media. 


I 2.  Dy  dilution  in  liijuid  media. 

3.  Dy  temperature. 

' 4.  Inoculation  into  animals. 

I 5.  Negative  plates. 


Ifi  , 6.  (Special  methods. 


Aim  to  have  not  over  200  colonies  on  the  itlale. 
Count  with  a lens  X o D. 


r 


'Wolllugel’s  counting  ai>paratus. 
II.  W.  Jeffer’s  plate. 


V 2.  Esmarch’s  roll  tubes. 

3.  Dy  dilution  in  licpiid  media. 
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THE  PRINCIPLES,  CHEMISTRY,  AND  PRACTICE  OF  STAINING— 

A.  Animal  stains: 

Carmine — 

a.  Acid. 
h.  Alcoholic. 
c:  Alum. 
d.  Borax. 

B.  Vegetable  stains: 

Plematoxylin — 

a.  Delafield’s  hematoxylin. 
h.  Alum  hematoxylin. 

c.  Hemalum  (Meyer). 

d.  Hematoxylin  and  eosin. 

e.  Acid  hematoxylin. 

C.  Anilin  stains: 

1.  Acid  stains — 
a.  Eosin. 

h.  Acid  fuchsin. 

c.  Orange  G. 

d.  Soudan  III. 

e.  Picric  acid. 

2.  Basic  stains — 

a.  Methylene  blue  (Ldffler’s  solution). 
h.  Thionin. 

c.  Fuchsin  (Carbol-fuchsin). 

d.  Gentian  violet  (Ehrlich’s  aniline  water). 

e.  Methyl  violet. 

Bleu  d’ argent. 

D.  Special  stains — 

а.  The  polychrome  blues — 

Romanowsky’s. 

AV  right’s. 

Goldhorn’s. 

Jenner’s. 

б.  AA’’eigert’s  tibrin  stain. 

c.  Mallory’s  connective  tissue  stain. 

Acid  fuchsin. 

Phosi^ho-molyhdic  acid. 

Acid  fuchsin. 

Anilin  blue. 

E.  Gram’s  method  and  solution. 

F.  Decolorization  and  differentiation: 

a.  AA'ater. 
h.  Alcohol. 

c.  Anilin  oil. 

d.  Plydrochlorate  of  anilin,  2 per  cent. 

e.  Acids — organic  and  mineral. 

G.  Staining  of  spores: 

Mdller’s  method. 

H.  Staining  of  flagella: 
a.  Ldffler’s  method. 
h.  Victoria  Ijlue. 

c,  A^on  Ermengein’s  method, 
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PRINCIPLES,  CARE,  AND  USE  OF  INSTRU:NIENTS  AND  APl’A RATES  IN 

THE  IIYGENIC  LABORATORY. 

a.  Centrifuge. 

b.  Crematory. 

c.  Photograpliic  api)aratuH. 

(/.  Cleaning  gla.<;sware. 

e.  Miero.scope.s. 

/.  Paraffin  hath. 

(j.  Analytical  balances. 

/(.  ^licrotomes. 

i.  Thermostats. 

j.  Thermo-regulators;  electric,  mercurial,  metallic. 

k.  Vacuum  pumps. 

/.  Blowpipe. 

m.  Camera  lucida. 
u.  Spectroscope. 

o.  X-ray  tubes  and  induction  coil. 

p.  Autoclaves. 

7.  Dry  wall  sterilizer. 

r.  Arnold  steam  sterilizer. 

s.  Blood  serum  sterilizer. 

t.  Refrigerating  plant,  ice  box,  low  temperature  incubator,  drinking  water. 

u.  Sterilization  of  instruments,  glassware,  etc. 

V.  Sharpening  and  care  of  cutting  instruments. 
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OPTIC  PRI^XIPLES  IXVOLYED  IX  MICROSCOPY- 

1.  Lenses:  * 

a.  Plano-convex. 

b.  Biconvex. 

c.  Concave. 

d.  Biconcave. 

e.  Doublets. 
j.  Triplets. 

g.  Quadruplets. 

2.  Objectives: 

a.  Achromatics. 

b.  Apochromatics. 

c.  Panchromatics.  • 

3.  Oculars: 

a.  Huyghenian. 

b.  Compensation. 

c.  Spectroscopic. 

d.  Micrometer. 

e.  Projection. 

4.  Condensers: 

a.  Simple — 

1.  Biconvex. 

2.  Plano-convex. 

b.  Abbe — 

Xumerical  aj^erature  1.20. 

Xumerical  aperat-ure  1.40. 

5.  Microphotography  and  projection. 

6.  Micrometers: 

a.  Stage. 

b.  Ocular. 

c.  Projection. 
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lilKASURIXO  MICROSCOPIC  OJUECTS— 

1.  Eye-piece  iiiicTometer. 

2.  Stage  micrometer. 

3.  Photographic  method. 


i CLASS  BLOWING, 
i 1.  The  blowpipe. 

2.  Pipettes. 

3.  Bulbs. 

i 4.  Welding. 

5.  Sealing  and  opening  gla,sH  containers. 

6.  Making  test  tubes. 

I 7.  Making  perforated  tubes  f<jr  collodiuiii  sacks. 


I 


FOLDING  PAPER  FILTERS. 


PREPARING  BACTERIOLOGIC  FILTERS  (pkixcjples  and  i>kactue)  — 

1.  Kaolin. 

2.  Diatomaceous  earth. 

3.  Asbestos. 

4.  Sami  tiltration. 


I 
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PREPARATION  AND  ^lOUNTING  OF  HISTOLOGIC  SPECIMEN 

1.  Fixation: 

a.  Acetic-bichlorid  of  mercury. 
h.  Muller’s  fluid. 

c.  Chrom-acetic  acid. 

d.  Flemming’s  solution. 

e.  Formaldehyd. 

/.  Absolute  alcohol. 

2.  Dehydration: 

rt.  Alcohol  70  per  cent  (iodin  alcohol  if  HgCL). 
h.  Alcohol  85  per  cent. 

c.  Alcohol  95  per  cent. 

d.  Absolute  alcohol,  twice. 

3.  Clearing: 
a.  Xylol. 

h.  Chloroform. 

c.  Turpentine. 

d.  Oil  cloves. 

e.  Oil  bergamot. 

/.  Oil  origanum. 

I.  Infiltration  and  imbedding: 
a.  Paraflin. 
h.  Celloidin. 

5.  Sectioning: 

a.  Single  sections. 
h.  Serial  sections. 

6.  Attaching  section  to  slide: 
a.  Alcohol  80  per  cent. 

h.  Water. 

c.  Myer’s  albumen. 

d.  Gum  Arabic. 

e.  Collodium  and  clove  oil. 

7.  Removal  of  imbedding  material: 

a.  Xylol  to  remove  paraffin. 

b.  Alcohol  and  water. 

8.  Staining: 

a.  Nuclear  staining. 

5.  Protoplasmic. 

c.  Regressive. 

d.  Gram’s. 

e.  Bacterial. 

/.  Special. 

9.  Dehydration  in  absolute  alcohol,  anilin  oil. 

10.  Clearing: 
a.  Xylol. 

6.  Turpentine. 

c.  Oil  origanum. 

d.  Oil  bergamot. 

e.  Oil  cloves. 

/.  Chloroform. 

11.  Mounting  in  xylol  balsam,  or  gum  thus. 
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THE  PARAFFIN  BATH  AND  PARAFFIN  IMBEDDING 

A.  Fixing. 

B.  Dehydration. 

C.  Clearing. 

D.  Imbedding  in  paradin. 

E.  Yielding  block. 

I".  Method  of  numbering,  registering,  and  sloring. 

G.  Cutting. 

II.  Fixing  to  slide. 

I.  Remove  paraflin. 

.1.  Stain. 

K.  Dehydrate. 

L.  Clear. 

M.  Mount  in  xylol  balsam. 
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CELLOIDIX  IMBEDDING— 

Fix. 

Dehydrate. 

Clear. 

Prepare  a thin  celloidiii  solution  containing  4 per  cent  celloidin  in  equal  parts  of 
absolute  alcohol  and  ether;  preserve  celloidin  solutions  carefully  from  moisture. 
Prepare  a saturated  solution  in  the  same  solvent. 

Transfer  tissue  from  absolute  alcohol  to  equal  parts  of  alcohol  and  ether. 

From  alcohol  and  ether  to  thin  celloidin. 

From  thin  celloidin  to  thick  celloidin. 

From  thick  celloidin  to  paper  mold  on  vulcanite  block. 

Into  70  per  cent  alcohol  for  three  days  to  harden. 

Cut  section  with  knife  flooded  with  80  to  85  per. cent  alcoliol. 

Preserve  in  80  to  85  per  cent  alcohol. 

Stain. 

Dehydrate. 

Clear. 

Blount. 
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METHOD  OF  INFAKINO  FROZEN  SECTIONS.  (Wri^^ht.) 

1.  Place  tissue  not  over  5 imn.  thick  in  10  per  cent  formalin  for  two  or  more  hours. 

2.  "Wash  in  water. 

3.  Freeze  with  CO2  or  ether. 

4.  Cut  frozen  sections. 

5.  Float  sections  in  normal  salt  .s<jlution  and  then  on  slide. 

0.  C’ovcr  section  with  cigarette  }>aper,  then  with  blotter  moistened  with  95  per 
cent  alcohol.  Press.  Remove  i>apers. 

7.  Cover  with  absolute  alcohol  thirty  seconds.  Drain. 

8.  Flow  over  the  section  and  adjacent  parts  of  tlie  slide  a thin  solution  of  celloidin 

in  ecpial  parts  of  absolute  alcohol  and  ether.  Drain  off  immediately.  The 
celloidin  should  form  a coating  so  thin  as  to  be  invisible. 

9.  Flood  the  slide  with  95  per  cent  alcohol  and  then  immerse  in  water.  This 

hardens  the  film. 

10.  Stain. 

11.  Dehydrate. 

12.  Clear  with  oil  origanum. 

18.  Mount  in  Canada  balsam. 
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STAINING  TISSUES  IN  SECTIONS. 

1.  Ilemalum  and  eosin. 

2.  Delafield’s  hematoxylin. 

3 Eosin  and  thionin. 

4.  Carmine  stains. 

5.  AYeigert’s  fibrin  stain. 

6.  Jenner’s  stain. 

7.  Van  Giesen  for  connective  tissues. 

8.  Mallory’s  connective  tissue  stains. 

STAINING  BACTERIA  IN  SECTIONS. 

1.  Gram’s  method. 

2.  Eosin  and  thionin. 

3.  Thionin. 

4.  Methylene  blue. 
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REVIEW  OF  HISTOLOGY. 

Quiz  and  practical  studies. 

EPITHELIAL  TISSUES. 

Classified  according  to  form,  arrangement,  or  special  modilication 

A.  Cla.ssification  according  to  form: 

1.  Squamous — 

Simple  (pavement). 

Stratified. 

2.  Polyhedral — 

Ciiboidal. 

Sphenoidal. 

Glandular. 

3.  Columnar. 

B.  Classification  according  to  arrangement: 

1.  Simple. 

2.  Transitional. 

3.  Stratified. 

C.  Classification  according  to  special  modilication: 

1.  Ciliated. 

2.  Goblet  cells. 

3.  Pigmented. 

4.  Prickle  cells. 

The  cell — 

Structure. 

Functions. 

Karyokinesis  (onion  tips). 


EN'DOTII  ELI  A L CELIAS. 


1.  Serous. 

2.  Va.scular. 


OO  lo 


SKELETAL  TISSUES  (CONNECTIVE), 

1.  Mncous. 

Eeticular. 

Fibrous — 

a.  Alveolar — 

Fixed  cells. 

Connective  tissue  cells. 

Granular. 

Plasma. 

Pigment. 

Wandering  cells. 

b.  Tendons,  ax>oneuroses,  etc. 

c.  Elastic. 

4.  Adipose. 

5.  Cartilage— 

a.  Hyalin. 

h.  White  fibrous. 
c.  Yellow  elastic. 

6.  Bone. 

iirSCUEAB  TISSUES. 

1.  Striated. 

2.  Yonstriated. 

3.  Cardiac. 

NERVOUS  TISSUES. 

1.  Yerve  cells. 

2.  Yerve  fibers — 
a.  Medulated. 

h.  Yonmedulate^-l. 

3.  Ganglia. 

9 

CIRCULATORY  SYSTEM. 

1.  Arteries. 

2.  Veins. 

3.  Capillaries. 

4.  Heart. 

5.  Blood — 

a.  Bed  cells. 

b.  White  cells. 

c.  Plaques. 

LY5IPHATIC  SYSTEM  AND  DUCTLESS  GLANDS. 

1.  Lymph  vessels. 

2.  Lymph  glands. 

3.  Spleen. 

4.  Thymus. 

5.  Hemolymph  glands. 

6.  Serous  membranes. 

7.  Synovial  membranes. 

8.  Thyroid. 

>rUCOUS  ME.MBRANES  AND  GLANDS. 

1.  Mucous  membranes. 

2.  Glands — 

a.  Mucous. 

b.  Serous. 


DIGESTIVE  TUAt’r. 


1.  Sublingual  gland. 

2.  Submaxillary  gland. 

3.  Tongue  (papilla?). 

4.  Tonsils. 

5.  Esophagus. 

6.  Stomach  (glands). 

7.  Intestines — 

a.  Villi. 

b.  Glands. 

a.  Lieberkiilin’s. 
h.  Brunner’s. 
r.  Solitary. 

<1.  Pyers’  j-atches. 

8.  Liver. 

9.  Gall  bladder. 

10.  Parotid. 

11.  Pancreas. 

URIXARY  ORGANS. 

1.  Kidney. 

2.  Ureter. 

8.  Bladder. 

4.  Urethra. 

MALE  SEXUAL  ORGANS. 

1.  Testicle. 

2.  Prostate. 

3.  Penis. 

FEMALE  SEXUAL  ORGANS. 

1.  Ovary. 

2.  Uterus. 

3.  Vagina. 

4.  ^lammary  gland. 

. ■ RESPIRATORY  ORGANS. 

1.  Trachea. 

2.  Bronchi. 

3.  Lungs. 

4.  Pleura. 

SKIN  AND  APPENDAGES. 

1.  Skin. 

2.  Hair. 

3.  Sebaceous  glands. 

4.  Sweat  glands. 

CENTRAL  NERVOUS  SY.STEM. 

1.  Spinal  cord. 

2.  Cerebrum. 

3.  Medulla. 

4.  Cerebellum. 
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Cut,  vStain,  mount,  and  study  sections  of  the  following  normal  tissues 
Skin. 

Tongue. 

Tonsil. 

Esophagus — 

Upper. 

Lower. 

Stomach — 

Pyloric. 

Cardiac. 

Intestine — 

Upper  duodenum. 

Lower  ileum. 

Large. 

Liver. 

Gall  bladder. 

Parotid. 

Subhngual. 

Submaxillary. 

Pancreas. 

Spleen. 

Kidney. 

Ureter. 

Bladder. 

Penis. 

Testicle. 

Prostate. 

Ovary. 

Uterus. 

Vagina. 

INIammary  gland. 

Voluntary  muscle. 

Tendon. 

Heart. 

Artery  and  vein. 

Lymph  gland. 

Epiglottis. 

Trachea. 

Lung. 

Thyroid. 

Intravertebral  disc. 

Sciatic  nerve. 

Spinal  cord. 

Cerebellum. 

Cerebrum. 

Medulla. 

Embryo. 

Umbilical  cord. 
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revip:\v  of  pathology. 

Quiz  and  practical  ;<tudi€8. 

General  pathology: 

Inflanwiation — 

Causes. 

8tudy  phenomenon  in  omentum  of  fro^%  etc. 

Changes  in  the  vessels. 

Exudation. 

Changes  in  the  tissues. 

Proliferation. 

Special  forms  of  inflammation — 

PMematous  or  serous  inflammation. 

Fibrinous  inflammation. 

Diphtheritic  inflammation.  (Coagulation  necrosis.) 
Croupous  inflammation. 

Suppurative  (abscess)  inflammation. 

Catarrhal  inflammation. 

Parenchymatous  inflammation. 

Productive  (interstitial)  inflammation. 

Hemorrhagic  inflammation. 

Xecrotic  or  gangrenous  inflammation. 

Re.solution  after  inflammation. 

Regeneration. 

Degenerations  and  in  fdtrations: 

Atrophy. 

Cloudy  swelling. 

Fatty  infiltration. 

The  albuminoid  degenerations: 

Hyalin. 

Mucoid. 

Colloid. 

Amyloid. 

Glycogenic  infiltration.- 
Dropsical  infiltration.. 

Calcification. 

Ossification. 

Uratic  infiltration. 

Pigmentation. 

Necrosis. 

Coagulation  necrosis. 

Liquefaction  necrosis. 

Ca.<eation. 

Fat  necrosis. 

Gangrene. 
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STUDY  OF  TUMOES. 

Cause; 

External  irritation.  (Virchow.) 

Defective  development — embryonal  rests.  (Cohnheim. ) 

Infectious  character — parasitic  theory.  Cell  inclusions. 

Constitutional  discrasia. 

Loss  of  compensation  between  cellular  destruction  and  proliferation. 
Classification  : 

Histogenetic— based  on  structure. 

Embryologic — based  on  embryologic  derivation  of  tissue  forming  the  tumor. 
Clinical — benign,  malignant. 

Metastasis. 

Cut  sections  and  study  the  following,  which  will  be  found  in  the  laboratory  collection 

1.  Myoma. 

2.  Neuroma. 

3.  Angioma: 

а.  Simple. 

б.  Cavernous. 

4.  Lymphangioma: 

а.  Simple. 

б.  Cavernous. 

5.  Eibroma. 

Soft  fibroma. 

Hard  fibroma. 

Intracanalicular  fibroma — of  breast. 

6.  Myxoma. 

7.  Lipoma. 

8.  Chondroma. 

9.  Osteoma. 

10.  Glioma. 

11.  Sarcoma: 

a.  Round  celled. 

h.  Lympho-sarcoma. 

c.  Alveolar. 

d.  Spindle  celled. 

e.  Melano-sarcoma. 

/.  Osteoid. 

g.  Psammoma. 

h.  Myeloid. 

i.  Angiosarcoma. 

j.  Endothelioma. 

12.  Papilloma. 

13.  Adenoma.  ' ^ 

14.  Carcinoma; 

а.  Acinous. 

б.  Epithelioma. 

15.  Cystoma. 

16.  Hypernephroma. 
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SPECIAL  PATHOLOGY. 

A brief  review  of  the  more  important  lesions. 

)iit,  mount,  stain,  and  study  the  following  specimens,  wliich  will  be  found  in  the 
laboratory  collection: 

I Liver — 

Parenchymatous  degeneration. 

. Hyalin  degeneration, 
i Fatty  degeneration. 

Spleno-niyelogenous  leukemia, 
j Amebic  abscess  wall. 

Yellow  fever  liver. 

Malarial  liver. 

[ Kidney — 

Parenchymatous  degeneration. 

! Amyloid  kidney. 

:l  Infected  infarct. 

Miliary  tuberculosis. 

Large  red  kidney. 

Large  white  kidney. 

Granular  and  contracted  kidney. 

L Spleno-myelogenous  leukemia. 

1;  Hydronephrosis. 

Yellow  fever  kidney. 

Malarial  kidney. 

Lungs — 

Chronic  passive  congestion. 

Croupous  pneumonia,  red  hepatization. 

I Croupous  pneumonia,  gray  hepatization. 

Catarrhal  pneumonia. 

Bronchiectasis. 

Emphysema. 

Unresolved  pneumonia. 

Gumma  of  lung, 
jj  (jastro-intestinal  canal — 

}/  Acute  catarrhal  gastritis.  ' ' 
it  Stomach — yellow  fever. 

I : Acute  colitis. 

Acute  enteritis. 

* ^ Follicular  enteritis. 

1.  Diphtheritic  enteritis. 

Infiltrated  Peyer’s  patches. 

Typhoid  ulcer — ileum. 

' Cicatrized  Peyer’s  j)atches. 

' Circulatory  system — 

I Arteriosclerosis. 

Aneurismal  wall,  with  thrombus. 

![  Vessels  in  vellow  fever. 

It  •' 
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Cut,  mount,  stain,  and  study  the  following  specimens,  which  will  he  found  in  the 
laboratory  collection— Continued. 

Lymphatic  system — 

Hyalin  degeneration — lymph  gland. 

Tuberculosis — adenitis. 

Primary  lymphatic  sarcoma. 

Lymphatic  leukemia. 

Typhoid  spleen. 

Amyloid  spleen. 

Hodgkins’ s disease — enlarged  glands. 

INIucous  membranes — 

Diphtheritic  inflammation,  trachea. 

Serous  surfaces — 

Acute  fibrinous  peritonitis. 

Acute  pericarditis. 

Chronic  endocarditis. 

Brain  and  spinal  cord — 

Spinal  cord— cerebrospinal  meningitis,  diplococcal. 

Spinal  cord— cerebrospinal  meningitis,  epidemic. 

External  pachymeningitis. 

Acute  meningitis. 

Gumma  of  meninges. 

Tuberculous  meningitis. 

Posterior  sclerosis. 

Syphilis — 

Gumma. 

Tertiary  lesions — larynx. 

Leprosy — 

Nerve  lesion. 

Skin  leproma. 

Actinomycosis — 

Lung. 

Tongue. 

Other  pathologic  processes  are  studied  from  time  to  time  as  they  are  recei\ed  for 
diagnosis. 
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I 

I 

I 

'■  animal  inoculations— 

I 1.  Subcutaneous  method: 

: a.  Liquids. 

' h.  Solids. 

2.  Intravenous  method. 

^ 3.  Inoculation  into  lymphatic  system. 

4.  Inoculation  into  serous  cavities: 
a.  Peritoneum. 

! h.  Pleural  cavity. 

! c.  Subdural  space. 

5.  Inoculation  into  anterior  chamber  of  eye. 


1 ()B.SEKV.\TION  OF  AnIMALS  Ai-TEK  InOCUL.\T10N — 

1.  Temperature. 

2.  Loss  of  weight. 

3.  Peculiar  position  in  cage. 

4.  Loss  of  appetite. 

5.  Condition  of  coat. 

6.  Condition  of  secretions,  etc. 

7.  Pain. 

8.  Nervous  symptoms,  etc. 


i PfJST-MORTEM  PlXAMINATION  OF  AnIMALS — 

1.  Cultures  from  the  organs. 

2.  Cultures  from  the  fluids. 

3.  Preparation  and  staining  of  tissues. 


Lvci.\er.\tion  OF  Dead  Axim.vls  Af^fer  Exa.mination — 


Makin(j  Collodh'm  Sacks — 

Paris  method. 

Gelatin  capsule  method. 

With  gla.*^  support  and  gelatin  (method  of  Grubbs  iV:  I'rancis). 
27923— No.  8—04 3 

( 


I 


34 


BACILLUS  COLI  Mignla,  1900.  \^Bacteriuni  coli  commune  Escherich.] 

A.  DistributioD. 

B.  Isolate  from  sewage. 

C.  Characteristics: 

1.  Motility. 

2.  Gram’s  method. 

3.  Xonliquef action  of  gelatin. 

4.  Indol. 

5.  Gas  production. 

6.  Colonies,  etc. 

7.  Production  of  acid. 

D.  Pathogenesis. 

E.  Varieties. 

F.  Preparation  of  its  toxin. 

G.  Pathogenicity. 

H.  Study  of  blood  and  organs  of  infected  animals. 

I.  Significance  in  drinking  water: 

1.  Isolation  from  drinking  water. 

2.  Counting  number  of  colon  organisms  in  a cubic  centimeter  of  water. 

J.  Viability. 
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BACILLUS  ANTIIRACIS  Koch,  1876. 

A.  History. 

B.  Distribution. 

C.  Morphology. 

1.  Involution  forms. 

2.  Asporogenic  form. 

J).  Staining. 

E.  Cultural  characteristics. 

F.  Spores: 

1.  Formation — 

Relative  to  oxygen. 

Relative  to  nutrient  media. 

Relative  to  temperature. 

2.  Development  into  bacteria. 

G.  Pathogenesis  (mouse,  guinea  ])ig,  and  rabbit). 
a.  I’neumonic. 

}>.  Hemorrhagic. 
c.  Local. 

II.  ^Microscopic  examination  of  liver,  blood,  sj)leen,  lungs,  and  other  organs. 

I.  Vaccination: 

First  vaccine — kills  mice,  not  guinea  ])igs  or  rabbits. 

Second  vaccine — kills  mice  and  guinea  pigs,  not  rabbits. 

Third  vaccine — kills  mice  and  guinea  pigs  and  some  rabbits.  ■ 

J.  Disposal  of  anthrax  carcases: 

a.  Burial,  isolated  districts. 
h.  Burning. 

c.  Sulphuric  acid. 

d.  Boiling. 

K.  Human  anthrax: 

a.  Malignant  pustule. 
h.  Wool  sorter’s  disease. 
c.  Intestinal  form. 

L.  Viability. 

i\I.  Disinfection  for  anthrax.  ' 
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BACTERIUM  DIPHTHERI.E  (LOmer)  INIigula.  {Klehs-Loffler  Bacillus.^ 

A.  History. 

B.  ^Morphology — relation  to  clinical  t\’pes. 

C.  Staining: 

1.  Loffler. 

2.  Neisser. 

3.  Roux. 

4.  AVeigert’s  fibrin  method  for  tissues. 

5.  Gram’s  stain. 

D.  Biologic  characteristics. 

E.  Pathogenesis: 

1.  Guinea  pig. 

2.  Rabbit. 

3.  Kitten. 

R Toxin  j^roduction. 

G.  Antitoxin  production: 

1.  Standardization. 

2.  Proj^hylactic  use. 

3.  Curative  use. 

H.  Obtain  tubes  and  swabs  from  the  health  department  for  diagnosis. 

I.  Pseudo-diphtheria  bacillus. 

K.  Xerosis  bacillus. 

L.  Yiabihty. 

M.  Disinfection  for  diphtheria. 

The  disease — 


Symptoms. 

Diagnosis. 

Treatment. 

Prophylaxis, 


• I 
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DUCREY’S  BACILLUS— Soft  cliancre— 
Obtain  in  pure  culture. 

Diagnosis  from  smear  preparations. 
Study  mori)hology — 

Cultural  characteristics. 

Relation  to  lesions. 


I 
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MICROCOCCUS  MELITEXSIS  Brace,  1893. 
^Morphology. 

Motility. 

Cultural  characteristics. 

Occurrence  in  spleen. 

Serum  diagnosis — agglutinins. 

The  disease — 

Its  geographical  distribution. 

Diagnosis. 

Symptoms. 

Treatment. 

Prophylaxis. 


(Malta  fever.) 
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3UCTERIA  IX  IXFLA:MMATI()X  AXD  SUPPriiATIOX— 

Study: 

A.  (Rosenl)iicli,  18S4)  ISIigula,  1000.  [SlajtJiiihirorriix 

aureux  Koseiibacli,  1884.] 

P>.  M.  j^yogenes  (Kosenl)acli,  1884)  Migiila,  1000.  [<V.  jnjogmex  alhux  PuHenbach, 

1884.] 

C.  citreux  (Passet,  1885)  Migula,  1000.  [.S',  jnjogevex  cttreux  Pass^et,  1885.] 

I).  “St(q)hglococcnx  cjndermidis  (dims  Welch.” 

E.  gonorrha’iv.  (Huiiiin,  1885)  FU'igge,  1880. 

F.  Sireptococcux  pi/ogeues  liom.'n]Ydch,  1884. 

G.  “ Streptococcnx  rri/sijxhdus  Ivosenl)acli,  1884. 

II.  J\xendomonax  a?ri(ginos(i  {^chrl'iter,  1872)  Migula,  1000.  [Iktrlrrium  arrugino- 
sum  Schroter,  1872;  Bacillus  pyocganeus  Gessard,  1882.] 


Collect  pus  and  in  flammatory  exudates  from  various  sources,  plate  out  and  study  bac- 
teria found. 

Study  pus  in  smears  on  slides. 

Also  suppurating  processes  induced  by — 

The  typhoid  bacillus. 

Colon  bacillus. 

Pneumococcus. 

Tubercle  bacillus,  etc. 


40 


THE  TYPHOID  GEOUP— 

Compare; 

A.  Bacillm  typhosus  Higula.  1900. 

B.  Bacillus  dysenterise  Shiga,  1898  [not  ^ligula,  1900] . 

C.  Bacillus  enteritidis  Gaertner,  1888. 

I).  Paracolon  bacillus. 

E.  Paratyphoid  bacillus. 

E.  Bacillus  murium  Migula,  19CKj.  \^Bacillus  typhi  murium,  LT»ffler,  1893.] 

G.  Bacillus  of  Danyz's  virus. 

H.  Bacillus  psitticosis. 

I.  Bacillus  icteroides  Sanarelli,  1897. 

.1.  Bacillus  acidi  lactici. 

K.  Bacillus  coli  31igula.  1900.  iBacteriurn  coli  commune,  Escherich.] 

1.  Methods  of  introduction  into  the  system. 

2.  Channels  of  elimination, 

3.  Viability. 

4.  Disinfection. 

5.  Relation  to  tvater  supply. 

6.  Relation  to  flies  and  other  insects. 

7.  Gruber- Widal  reaction  with  live  and  dead  cultures: 
a.  With  hanging  drop. 

h.  In  pipettes  and  small  test  tubes. 

8.  Wright's  preventive  inoculation. 

9.  Diagnosis  of  typhoid  fever  in  early  stages. 

Diazo  reaction. 

10.  Pathologic  lesions. 

11.  The  management  of  epidemic-s. 

12.  Prophylaxis. 
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THE  TUBERCLE  GROUP— 

A.  Bacillus  fuherrulosis  Koch,  1882: 

1.  Human.  Isolate  in  pure  culture  from  sputum,  or  lesion. 

2.  Bovine. 

3.  Avian. 

Morpholo»;y. 

Biological  characters. 

Pathogenesis. 

Diagnosis. 

Tuberculin — 

Production. 

Uses. 

1.  Diagnostic. 

2.  Therapeutic. 

B.  Acid  proof  organisms,  resembling  B.  tuberculosis: 

1.  Moller’s  grass  bacillus.  Isolate  from  timothy. 

2.  Rabinowitsch’s  butter  bacillus. 

3.  Karlinsky’s  nasal  secretion  organism. 

4.  Smegma  bacillus. 

C.  Bacillus  leprx  Hansen. 

Cut  sections  leproma. 

I).  Bacillus  mallei  (Ldffler,  1886)  Migula,  1900: 

Mallein. 

Strauss’s  method  in  male  guinea  })ig. 

R Actinomycosis. 

F.  Mycetoma,  madura  foot. 

G.  Pathogenic  streptothrices. 
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THE  VIBRIO  GROUP— 

A.  Microspira  comma  Schroter,  1886.  [Koch’s  comma  bacillus  of  Asiatic  cholera.] 

B.  Microspira  metshnikovi  (Gamaleia,  1888)  Migula,  1900. 

C.  Microspira  finlderi  Schroter. 

D.  Vibrio  Denecke. 

E.  Microspira  aquatilis  (Gunther,  1892  j Migula,  1900. 

Isolation. 

Diagnosis. 

Pfeiffer’s  phenomenon. 

IVidal  reaction. 

Immunity. 

Haffkine’s  prophylactic. 

Viability. 

Disinfection  for  cholera. 

Methods  of  introduction  into  system. 

Channels  of  elimination. 

Relation  to  water  supply. 

Relation  to  flies  and  other  insects. 

Quarantine  regulations  relating  to  cholera. 

The  management  of  isolated  cases. 

The  control  of  epidemics. 

Prophylaxis. 
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BACILLUS  PESTIS  Kitasato  & Yersin,  1894. 

A.  Study — morphology,  staining,  and  cultural  characteristics: 
Viability. 

Channels  of  entrance. 

Channels  of  elimination. 

Pathogenicity — guinea  pigs,  rahlnts,  rats,  mice. 

Diagnosis — Kolle’s  method: ' 

Yersin  serum — 

^lethod  of  manufacture  and  standardization. 
Prophylactic  use. 

Curative  use. 

Ilaffkine  ])roj>hylactic — 

Methods  of  manufacture. 

L^ses. 

B.  Disinfection. 

C.  Quarantine. 

D.  Relation  of  rats  and  other  mammals  to  spread  of  plague. 

E.  Relation  of  fleas,  flies,  and  insects  to  spread  of  i)lague. 

The  disease — 

Period  of  incubation. 

Symptoms. 

Diagnosis. 

Varieties. 

Lesions. 

Treatment. 

^lanagement  of  epidemics. 

Prophylaxis. 
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THE  SEPTICEMIC  GEOFP— 

A.  blouse  septicemia. 

B.  Rouget  clu  pore.  . 

C.  Chicken  cholera. 

D.  Swine  plague, 

E.  Eerret,  duck,  buffalo,  and  other  plagues. 

E.  Bacilhis  jjestis  Kitasato  A T'ersin,  1894. 

G.  Baderhim  jrneumo'niie  {Vi' eichselbaum,  1SS6)  Migula.  19tX).  [Diplococcus pneu- 

IVeichselbaum,  1886.] 

H.  Bacterium  pneumonicum  Mignla,  1900.  \^Pneumoniecoccus  Friedlander,  1882.] 

I.  Bacterium  inihienzse  Lehmann  & Xenmann,  1896. 
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ij  ANAEROBIC  TECIINIQUP:— 

I A.  Kipps’s  hydrogoii  apparatiiis: 

I *’  1.  Mechanics. 

I ’ 2.  Chemicals. 

I)  B.  Simple  hydrogen  generators, 
i . C.  Solutions  for  purifying  gas: 

1.  Silver  nitrate  for  chlorine. 

2.  Potassium  permanganate  for  oxy 

I 3.  Lead  acetate  for  sulphides. 

I I).  Media  best  suited  for  anaerobes: 

1.  Freshly  prepared  media. 

2.  Glucose  media. 

iE.  Special  methods: 

^ 1.  Fraenkel’s  method. 

2.  Esmarch’s  method. 

» 

\ 3.  Liborius’s  method. 

I 4.  Buchner’s  method. 

' 5.  Novy’s  jars. 

■ 0.  AVright’s  method. 

7.  Pasteur  Institute  method. 

8.  Vignal’s  tubes. 

9.  Full  tubes  of  bouillon. 

: 10.  Deep  stabs. 

I 11.  Oil  method. 

12.  Smith’s  apparatus. 
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ANAEROBES— 

A.  Bacillus  tetani,  its  toxin  and  antitoxin. 

B.  Bacillus  cedematis  of  malignant  edema. 

C.  Bacillus  Chauvsei  Arloing,  Cornevin  & Thomas,  of  symptomatic  anthrax: 
Vaccine — 

1.  Manufacture. 

2.  Use. 

D.  Bacillus  tcelchii  Migula,  1900.  [Bacillus  aerogenes  capsulatus  Welch  & Nuttall, 

1892.] 

Disinfection  for  above. 


PATHOGENIC  :M0LDS— 

Ixingicorm: 

Microsporon  Andouini  (Gruby). 

Trichophyton — 

1.  T.  endothrix. 

2.  T.  ectothrir. 

Hair  lesions. 

Pure  cultures. 

Favus: 

Achorion  Schoenlcirdi  Remak. 

In  the  hair  and  scale. 

In  pure  culture. 

Thrush: 

Oidium  albicans  (see  /Saccharomyces  albicans). 
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YEASTS— 

Saccharomyces  cerevisise  Meyen  (beer  yeast)  in  pure  cultures: 

Effect  on  saccharine  media. 

Budding. 

Red  }’east — S,  glutinis. 

Black  yeast — S,  niger. 

Saccharomyces  albicans  (Robin)  Reess,  1877  \^Oidiuin  albicans  Robin]  thrush,  in  pure 
culture. 

Pathogenic  yeasts. 
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EXAMINATION  OF  FKINE— 

Note: 

1.  Odor. 

2.  Color. 

3.  Deposit.  Filtration  of  specimen. 

4.  Specific  <;ravity. 

5'  Reaction. 

6.  Quantity  in-twenty-four  hours. 

7.  Albumen — 

Tests  for  albumen;  quantitative  and  qualitative: 
«.  Heat  (phosphates). 
h.  Nitric  acid,  in  test  tube  and  in  glass. 

c.  Ferrocyanid  potash;  acetic  acid. 

d.  Picric  acid,  Esbach’s  albumenometer. 

8.  Sugar — 


Test  for  sugar: 
a.  Fehling’s  solution. 
h.  Bismuth. 

c.  Quantitative  estimation  vith — 
Yeast  fermentation. 


9.  Estimation  of  urea. 

10.  Bile,  test  for. 

11.  Microscopic  examination  of  sediment  for  bacteria,  casts,  crystals,  blood,  etc., 
Schidosoina  hxmatohium  (Bilharz,  1852)  Weinland,  1858. 

12.  Test  for  chlorids. 

13.  Diazo  reaction. 

14.  Bacteriologic  examination  of  urine. 

15.  Disinfection  of  urine. 

27923— No.  8—04 1 


Fehling’s  solution. 
Polariscope. 


I 
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BACTEKIOLOGIC  AXD  IMICEOSCOPIC  EXAMIXATIOX  OF  FECES— 

1.  Microscopic: 

a.  Xormal  constituents. 

h.  Intestinal  i^arasites  and  their  eggs — 

Ascaris  lumhncoldcs  (LinuEeus,  1758). 

Oxyuris  vermicidaris  (Linnaeus,  1758)  Breinser,  1819. 

Trichuris  trichiura  1771). 

A^chylo^toma  duodenale  (Dubini,  1843). 

Uncinaria  {Xecator)  umericana  Stiles,  1902. 

Tamia  saginata  Goeze,  1782. 

Tania  solium  Lmnseus,  1758. 

Hijmenolepis  nana  (Siebold,  18 — ). 

Bihoihr iocepl talus  latus  (Linna?us,  1758.) 

Entamceho.  coli  (Lcesch,  lS~b)=Amceha  coli  [nonpath ogenic] . 

Entamceha  hisiolgtica  Schaudinn,  1902=A??i(r5a  of  dysentery  [pathogenic]. 

2.  Bacteriologic : 
a.  Xormal  flora. 
h.  Pathogenic — 

Bacillus  dysenteric. 

Bacillus  tuberculosis. 

Bacillus  typhosus. 

Microspira  comma. 

3.  Disinfection  of  feces. 


r 
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I BACTEKIOLOcaC  AND  lUICROSCOPIC  EXAMINATION  UE- 
I Si)utum,  nasal  ami  other  mucous  eecretious: 

I Tubercle  bacilli. 

rneumococci. 
i I nfluen/a  bacterium. 

= Disinfection  of  sputum. 
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BLOjI). 

Techni*:itie  of: 

1.  Collecting:  for  micfoso^pic  examiiiiition. 

Collecting  bloo*l  for  bacteriol‘Jgic  exaniination — 

«.  Small  amonnt. 

b.  Liirge  qnantiti*:^. 

Of  man. 

C>f  other  manimaL*. 

Of  binis- 
C>f  reptiles. 

3.  01>serTe  circnlation  of  blo*>l  Tm.*_ler  imcr*:)6«.-oj>e. 

Mesentery  of  frog. 

-T.  Estimate  alkalinity. 

5.  Estimate  specific  gravity  of  bloo*i  witli  niivmre  of  cMorofoim  and  l»enz*>i 

6.  Examine- fresh  Moo*i  in  hanging  *ir*>p. 

- 7.  Examine  fresh  l>Io*:xl  Ijetween  slide  and  cover  slip. 

.s.  Study  of  blooti  films: 

a.  Metho»i  ■«rith  cover  glass. 

b.  Method  vrith  special  red. 

3Iethcd  with  cigarette  paj;>er. 

9.  EixatiorL  of  bloot;l  films: 

ef.  Heat,  150'  C.  for  ab*)nt  five  minntes. 

K Alcohol  and  ether. 

c.  Formalin. 

d.  Formaielehyd. 

r.  Acetic  acid  bichlorid. 

/.  IV ocd  alcohol. 

10.  Staining: 

«.  Ehrlieh-Biondi-tri-acid  stain. 

b.  Jenner  s stain. 

c.  Bc»manowsky's  stain, 

d.  Goldhorn’s  fi^nid. 

e.  Eosin  and  methylene  bine, 

f.  Thionin  and  eosin. 

g.  Wright’s. 

h.  Hematoxylin  and  eosin. 

11.  Counting  re»l  corpuscles. 

Thoma-Zeiss  hemocytometer. 

12.  Estimating  the  number  of  leucocytes: 

a.  With  the  Thoma-Zeiss  hemocytometer. 

b.  Comparative  count  of — 

«.  Small  lymphocytes. 

b.  Large  lymphocytes  and  transitional  forms. 

c.  Polymorphonuclear  neutrophiles. 

d.  Ecdnophiles. 

€.  Mast  cells. 

13.  Estimating  the  amount  of  hemoglobin: 

With— 

a.  Hare  A hemoglobinometer. 

b.  Oliver  s hemo'globinomcter. 
t.  Gower  s hemoglobinometer. 
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liACTERIA  IN  THE  AIR— 


1,  Nunil>er: 

Sewer  air. 

Expired’air. 

Sea  air. 

City  air. 

('ouiitry  air. 

Air  in  houses,  hospitals,  ('to. — 


Relation  to  the  sun. 

Relation  to  habitation. 

Relation  to  winds  and  tratli(\ 

Relation  to  altitude. 

Pa.'^teur’s  method. 

Miquel’s  method. 

Aeroseopes. 

Frankland’s  method. 

' - Petri’s  method. 

Hesse’s  method, 

Strauss’s  method. 

r2.  Varieties. 

3.  E.stimation  of  ammonia  in  the  air. 

\ 

* Estimation  of  carbon  dioxid  in  the  air. 
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BACTEFwIA  lA'  WATEF— 

1.  Co»IIec-tTiig  samples. 

!?.  ConiLt  nTimber  per  e.  e. : 

<2.  In  tap  water. 

K In  river  water, 
r.  In  spring  water. 

d.  In  rain  water. 

e.  In  iee. 

3.  Species: 

Coli  c€  'mmnnis. 

Typ-iioid. 

Ciiolera. 

I.  Organisms  in  water: 

(•?.  Selection. 
h.  Isc>lation. 
e,  "ynTTibers- 

5.  Estimation  O'!  organic  matter^ — 
a.  Free  ammonia. 

&.  AIEuminoid  ammenm. 

6-  Estimation  o>f  nitrates  and  nitrites. 

7.  Estimation  of  cMori+is. 

8.  Pnriiication  of  water: 

Heat. 

Filters — 

a.  Honsehoid  niters.  • 
h'.  Field  and  «mnp  filters, 
r.  Sand  filters — 

-\lTim. 

Hyperoxid  of  elilorin. 

Ozone. 

Permanganate  of  p^tasli. 


56 


PURIFICATIOX  AXD  DISPOSAL  OF  SEWAGE. 

1.  Dilution. 

This  method  is  allowable  for  cities  situated  on  the  sea  or  ou  rivers  whose  flow  is 
very  large  as  compared  with  the  sewage  (100:1)  and  the  unfiltered  water  of  which 
is  not  used  as  a water  supply. 

2.  Sewage  farming. 

3.  Chemical  precipitation. 

4.  Intermittent  filtration. 

Needs  sandy  soil. 

5.  Septic  tank. 

6.  Contact  bed  treatment. 

7.  Continuous  filtration: 

a.  Scott-Moncrieff  system. 

b.  The  Ducat. 

c.  Whitaker  & Bryant. 

d.  F.  Stoddart. 

e.  G.  Salford. 
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MILK— 

L Histology. 

2.  Bacteria  in  milk: 

Numl)er. 

Origiji. 

Varieties. 

3.  Fermentation — 

Lactic  acid. 

Butyric  acid. 

Sweet  curdling. 

Abnormal. 

4.  Pasteurization: 

Theory  and  practical  uses. 

Changes  produced  in  milk. 

5.  Count  and  study  colonies  in  fresh  milk  and  milk  bought  in  open  market. 
Pasteurize,  then  count  and  study  colonies. 

6.  Sterilization  of  milk  by  heat;  practical  ai^plication  and  changes  produced  in 

milk. 

7.  Milk  preservatives. 

8.  Diseases  conveyed  by  milk. 
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PRINCIPLES  AND  PRACTICE  OF  DISINFECTION  AND  STERILIZATION. 

Physical  agents. 

1.  Sunlight — 

Expose  spores  of  anthrax,  subtilis,  etc. 

Expose  nonspore-bearing  organisms  as  typhoid,  diphtheria,  etc.,  to  the  sunlight 
in  thin  films  and  for  penetration.  Note  intensity  of  the  light,  temperature, 
dryness,  and  other  conditions.  Plant  in  bouillon. 

2.  Electricity — 

Expose  shps  and  cultures  to  various  currents. 

Expose  to  electric  light. 

Expose  to  X-rays. 

3.  Dryness  and  dry  heat — 

Expose  shps,  or  threads  with  spore-bearing  and  nonspore-bearing  organisms  to: 
a.  Dryness  at  room  conditions. 
h.  Dry  in  incubator  at  37°  C. 

c.  Dry  over  sulphuric  acid. 

d.  Dry  heat  at  5°  C., 

' 15°  C., 

37°  C., 

for  various  times. 

e.  Expose  paper  slips  saturated  with — 

а.  Decomposing  urine, 

б.  Sewage, 

c.  Garden  earth, 

to  150°  C.  for  one  hour  to  test  power  of  sterilization  of  this  temperature. 
Hot-air  sterilizer. 

Note. — Plant  in  bouillon  and  keep  one  week  for  growth. 

4.  Hoist  heat — hot  and  boiling  water  and  steam: 

Expose  typhoid,  diphtheria,  and  other  nonspore-bearing  organisms  to  50°,  60°, 
70°,  80°,  and  100°  C.  moist  heat  for  variable  times;  plant  in  bouillon. 
Expose  anthrax,  subtilis,  and  other  spores  to  70°,  80°,  90°,  and  100°  C.  moist 
heat  for  variable  times;  plant  in  bouillon. 

5.  Theory,  mechanics,  and  practical  application  of  steam  in — 

а.  Koch  steamer. 

б.  Arnold  steam  sterihzer. 

c.  Autoclave  (steam  under  pressure). 

d.  Steam  chamber  (steam  under  pressure). 

e.  Superheated  steam. 
iNIake  practical  tests  in  each. 
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TESTING  ANTISEPTICS— 

If  the  su])stance  I)elongs  to  the  Cresol  group,  prepare  1 per  cent,  2 per  cent,  etc., 
solutions  of  the  substance  in  a set  of  bouillon  tubes. 

If  the  substance  belongs  to  the  metallic  salts,  make  toVo*  250,  etc., 

solutions  in  a set  of  bouillon  tubes. 

Inoculate  with: 
a.  Decomposing  urine. 
h.  Sewage, 
c.  Garden  earth. 

(L  Typhoid. 
e.  Pus  cocci. 

/.  Anthrax  spores,  etc. 

Groii;  at  favorulde  temperature  and  record  each  day  the  appearance  of  gronih^  and  make 

report  on  the  following  plan: 


Name  of  substance. — Strength  of  ' 
solution. — Temperature.  ^ 

2. 

3. 

4. 

5. 

(i. 

t:  j s. 

Sewage 1 — 

Garden  earth — 

+ 

-f 

Decomposing  urine ' -l- 

+ 

+ 





1 

— means  no  growth;  + means  growth. 


TESTING  GERMICIDES— 

Saturate  silk  threads, 
paper  slips, 
glass  slips,  etc.,  with 
subtilis  spores, 
anthrax  spores, 
typhoid  bacillus, 
diphtheria  bacillus, 
pus  cocci,  etc. 

Expose  to  the  solutions  of  germicide  in  varying  dilutions  and  for  varying  times 
at  constant  temperature,  and  at  the  same  dilution  at  varying  temperatures. 

Wash  or  neutralize  the  germicide. 

Plant  in  bouillon.  ' 

Incubate. 

Report  growth  upon  similar  table  to  antiseptics. 

Test  the  following  upon  the  above  plan — 

A.  Bichlorid  of  mercury. 

B.  Carbolic  acid  and  tricresol. 

C.  Lime. 

D.  Copper  and  iron  sulphates. 

E.  Formalin. 


I 


i 
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IS^ASEOUS  DISINFECTION— 

A.  Formaldehvd: 

' ((.  Chemintry  and  jdiy^ics. 

i i h.  Sheet  nietliod. 

c.  Generator — 

• 1.  Kuhn  lamp. 

' (/.  Regenerators  without  pressure — 

1.  Trenner-Lee. 

2.  Lentz. 

e.  Regenerators  with  pressure — 
i 1.  Autoclave. 

/.  Heating  paraform. 

! g.  Spraying. 

1>.  Sulphur  dioxid  (SOg) : 
a.  Liquid  sulphur  dioxid. 
h.  Burning  sulphur,  pot  method. 

I c.  Sulphur  furnace. 

' C.  Hydrocyanic  acid  gas. 

D.  Chlorin  gas. 

I 

; PI.  Ozone  and  oxygen. 


■ 

i 


V 
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rSSECTIC’IDES— 

A.  Tol)aceo  smoke. 

B.  Pyrethram. 

C.  Hyt>irocyanic  acid. 

P.  Formaldebyd  gas. 

E.  Sulphnr  dioxid. 

F.  Coal  oil. 

G.  Arsenical  c*>mpoomis, 

H.  Phosphoms. 

I.  Cobalt  salts. 

J.  Carbon  bisnipMd. 

Ants. 

3Iosc[nitoes. 

E*>aciies. 

Fleas. 

Flies,  etc. 


. thp:  disinfection  of  mocses,  ships,  and  objects. 

. THE  DISINFECTION  AND  PROPHYLAXIS  AGAINST  THE  COMMUNI- 
CABLE DISEASES,  ESPECIALLY. 
a.  Yellow  fever. 

h.  Cholera, 
c.  Plague. 

(/.  Smallpox. 
e.  Tiibereulosis. 

/.  Typoid  fever. 

g.  Malaria. 

h.  Dysentery. 

i.  Diphtheria. 

j.  Pneumonia. 

k.  Leprosy. 

l.  Anthrax. 

m.  Tetanus. 

n.  Dengue. 

o.  Relapsing  fever. 

]}.  Typhus  fever. 

7.  Scarlet  fever. 

r.  ^leasles. 

Including  channels  of  introduction  and  elimination. 

Viability. 

Disinfection. 

Prophylaxis. 

Management  of  epidemics. 

Quarantine. 


64 


RABIES— 

Study  in  dogs. 

Study  in  rabbits. 

Prepare  spinal  cords  for  preventive  inoculation. 
Principles  and  methods  of  Pasteur  treatment. 
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' VACCIXATIOX  {vaccinia) — 

1 A.  History. 

B.  Methods  of  production: 

Vaccine  lymph. 

Vaccine  pulp — 

I Dry  points. 

Glycerinated  pulp. 

C.  Technique  of  vaccination. 

D.  Immunity  produced. 

E.  Bacteriologic  and  microscopic  study  of  vaccine  matter. 

F.  Bodies  in  epithelial  cells — cornea  of  rabbits. 


Xote  the  name  of  maker,  license  number,  kind  of  virus,  <late  of  return,  etc. 
a.  Count  the  nund^er  of  colonies  per  point. 

Immerse  the  point  in  1 cc.  physiological  salt  solution  15  minutes  to  soften  the 
vaccine  matter. 

Scrape  well  and  agitate  to  break  up  clumps,  etc. 

Plate  the  emulsion  thus  obtained  in  three  Petri  dishes  as  follows: 

5 drops  in  first. 

10  drops  in  second. 

Remainder  in  third. 

Then  plant  in  melted  agar,  incubate  at  87°  C.  for  three  days,  then  room 
temperature  for  two  days. 

Count  number  and  determine  character  of  colonies. 
h.  Count  number  of  colonies  per  capillary  tube. 

Wash  contents  of  tube  into  1 cc.  sterile  water. 

Agitate  to  break  up  clumps. 

Plate  in  agar  as  above. 

c.  Plant  the  entire  contents  of  10  tubes  or  10  points  in  100  cc.  of  freshly  prepared 
and  recently  boiled  glucose  bouillon. 

Incubate  at  37°  C. 

At  the  end  of  48  hours  inoculate  upper  growth  into  peritoneal  cavity  of  a 
rabbit,  using  1 cc.  per  1,000  gm.  of  rabbit. 

If  rabbit  sickens  or  dies  determine  cause  of  the  infection. 

At  the  end  of  seven  days  filter  the  bouillon  growth  through  porcelain  and 
inoculate  0.2  cc.  of  the  filtrate  subcutaneously  into  a mouse  for  tetanus 
toxin. 

27923— Xo.  8—04 5 


The  examination  of  vaccine  under  the  law  of  Jubj  i,  1902. 
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AIALARIA  AA'D  AIOSQriTOE>— 

1.  Diagnosis. 

2.  Blood  teohnigne. 

3.  Eelation  to  mosquito: 

a.  Tertian. 

h.  Quartan, 
c.  Estivc»-aTitamnal. 

Anatomy — dissections,  fresh  sj:>ecimen5. 

Sections  in  paraffin. 

Development  and  raising. 

Oassihcaiion. 

Diagnosis,  especially: 

a.  Ojle.r. 

b.  Anophelt~<, 

c.  &egorrty(ia. 

A.  Alalaria — the  Anopheles: 

Smdy  Anophdes  one  each  day  after  biting  a malarial  case. 
Tertian. 

Qnartan. 

Estiv«>anranmal. 

B.  Yellow  fever  and  the  mos-^nito. 

C.  Eilaiia  and  the  mosquito. 

D.  Dengue  and  the  mosquito. 
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INSECTS  AND  TICKS  AS  FACTOKS  IN  TRANSMITTING  DISEASE— 
The  mosquito. 

I The  fly. 

I The  ant. 

j ^ The  flea. 

The  bedbug. 

I ‘ The  roach. 

I I The  tick,  etc. 

Texas  fever — Piroplasma  bigeminum. 
i Spotted  fever  oi  Bitter  Root  Valley,  ^lont. 

Sleeping  sickness — Trypanosomiasis. 


I 

• f 
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TRYPANOSOMES— 

Inoculate  rat  with  Trypanosoma  Leivisi. 

Sleeping  sickness, 

Dourine.  ____ 

Mai  cle  caderas.  ! 

Culture  of  trypanosomes  on  water  of  condensation  in  blood-ajar.  ^ 


t 


I 

-I 


r>9 

FILAKIAL  EMBKYOS  {‘^Filaria  mn(/i(hris  hoh)hiii<^')  in  the  blood. 
FiUirki  Bancrojti  Cobbold,  1877. 

Fllaria  diurna  ]\Ianson,  1891. 

Filfiria  perstans  !Manson,  1891. 

Fllaria  Demarquayi  Manson,  1805. 


Dracancidus  mediensls  (Liniifeus,  1758).  [Guinea  worm.] 


Relapsing  fever.  {Spirocheta  Ohermeieri.) 


TO 


FERMENTS— 

Organized. 

Unorganized — enzymes. 

A.  Arnylolytic: 

Ptyalin. 

Diastase. 

Amylopsin. 

Convert  starch  and  glycogen  into  sugar. 

B.  Proteolytic: 

Pepsin. 

Trypsin. 

Bacterial  peptonizing  enzymes. 

Convert  proteids  into  peptones. 

C.  Steatolytic — steapsin. 

Split  fats  into  fatty  acids  and  glycerin. 

D.  Invertin — in  intestinal  juice  and  yeast  cells. 

Convert  cane  sugar,  maltose,  lactose  into  glucose. 

E.  Coagulation: 

Rennet. 

Fibrin  ferment. 

Convert  soluble  into  insoluble  ferments. 

F.  Alcoholic  ferments: 

Saccharomyces. 

Converts  carbohydrates  into  alcohol,  carbon  dioxid,  etc. 
Fermentation  in — 

Wine. 

Beer. 

Vinegar,  acetic. 

Milk: 

Lactic. 

Butyric. 

Koumys. 

Kefir. 
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IMMUNITY- 

Xatural. 

Inherited. 

Acquired : 

Active. 

Passive. 

Toxin  immunity: 

Toxemia. 

Antitoxins. 

Bacterial  immunity: 

Bacteriemia. 

Bacteriolysins.  ’ ' 

Theories  explaining  immunity: 

A.  Alexins,  or  bactericidal  substances  in  the  blood. 

Nuttall  and  Buchner. 

B.  Chemical  theory — Ehrlich’s  side  chains. 

Antitoxin  immunity: 

Receptors. 

Toxin — 

Ilaptophore  group. 

Toxophore  group. 

Cytolytic  immunity. 

1.  Complement,  alexin  or  cytase;  normally  present,  not  specific  for  species, 

thermolalnle. 

2.  Immune  l)ody,  amboceptor,  intermediary  body,  sensitizer,  fixative,  pre- 

parative, additive,  desmon. 

Produced  by  process  of  immunization,  specific  and  therniostabile. 

■ C.  Biological  theory — phagocytosis  of  Metchnikoff. 

Ameboid  motion. 

Digestive  vacuoles — formation  of  acid. 

Phagocytes: 

Free  phagocytes — 

Microphages— 

Polymorphonuclear  neutrophiles. 

Eosinophiles. 

Macrophages — 

Large  mononuclear  lymphocytes. 

. Transitional  forms. 

Ej)ithelioid  cells. 

Fixed  phagocytes — 

Connective  tissue  corpuscles. 

Vascular  endothelium. 

Kuj)fer’s  cells,  etc. 

Small  lymphocytes  and  mast  cells  lack  ameboid  motion  and  are  not  phagocytic. 
Chemotaxis — 

Positive. 

Negative. 

D.  Enzyme  theory — immunizing  proteid  of  Emerich  and  E'3w. 

Ik  Retention  theory. 

F.  Exhaustion  theory. 
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TOXINS— 

Toxins,  toxones,  toxoids,  etc. : 
a.  Ptomaines. 
h.  Lencomaines. 

c.  Tox-albumens. 

d.  Enzymes. 

Ricin  ( castor  bean) . 

A brill  (jaqiieritv  bean). 

Snake  venom. 
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I 

'CYTOLYSINS  AND  CYTOLYSIS— 


a.  Bacteriolysins. 
h.  Hemolysins. 

c.  Leucolysins. 

d.  .Spermatolysiiis,  etc. 
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TRAXSPOETATIOX  OF  DISEASED  TISSUES  AST)  BACTERIOLOGIC  SPECI 
MEXS,  ETC.,  BY  MAIL  AXD  EXPRESS. 


The  Regulations  of  the  Post-Office  Department,  Order  Xo.  176,  ^larch  2,  1900. 
flailing  cases. 

Methods  of  sending  dry  specimens. 

Methods  of  sending  moist  specimens. 

Methods  of  preparing  and  forwarding  samples  for  bacteriologic  study. 

Methods  of  preparing  and  forwarding  samples  for  histologic  study. 
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(Acid-proof  organisms 

Agar-agar 

! Agchylostorna  duodenal e 

j Air,  l)acteria  in  the 

' Albumen  in  urine 

I Alg?e 

'I  Anaerobes 

I' 

I Anaerobic  technique 

; Angulllula  aceti 

Anilin  stains 

Animal  inoculations 

Animal  life 

Animal  stains 

' Ant 

Anthrax 

Antiseptics,  testing  of 

Apparatus,  care  of 

Aqueous  humor  of  oxeyes 

, Ascaris  lumhi'icoides 

Ascitic  fluid 

Ascococcus 

Aspergillus 

Bacillus  acidi  lactici 

aerogenes  eapsulgtus 

anthraeis 

Chauvjei 

Cohn 


coli 

dysenteriic 

enteritidis 

floureseens  liquefaeiens 

icteroides 

leprai 

mallei 

megaterium 

murium 

(edematis 

pestis 

prodigiosus 

psittico«is 


jiyocyaneus 

subtilis 

tetani 

tuberculosis 
typhosus  . . 
vulgaris 


Pape. 
-11 
1 1 
aO 
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49 
1(1,  13 
40 
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10 
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13 
10 
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03 
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..  34,39,40 

40,50 

40 

12 

40 

41 

41 

12 

40 

40 

..  13,43.44 

12 

40 

12 

12 

40 

39,41.50.51 
..  39.  40.  .50 
12 
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Bacteria 

in  air 

in  inflammation 

in  soil 

in  water 

BacteriiLin  aeruginosum 

coll  commune 

diplitherise 

influenzse  

pneumonise 

zophi 

Balantidium  coli 

Bedbug 

Blood,  technique  of 

Blood-serum 

Bouillon 

Brownian  movement 

Casts 

Celloidin  imbedding 

Chancre 

Chicken  cholera 

Cholera 

Cladothrix 

Coccus 

Collodium  sacks 

Colonies,  counting 

Contents 

Counting  colonies 

Cultures,  obtaining  pure 

Cytolysin 

Dengue  

Describing  an  organism 

Diatoms 

Diazo  reaction 

I) iboth riocephalus  latus 

Diphtheria 

Diplococcus 

Disease  transmitted  by  insects 

Disinfection 

Dourine 

Bracunculus  mediemis 

Ducrey’s  bacillus 

Dunham’s  solution 

Dysentery 

Eimeria  stiedse 

Entamoeba  coli 

histolytica 

Epidemics,  management  of 

Examination  of  urine 

Eavus  

Eeces,  examination  of 

Ferments 

Filaria 
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Filter,  Imcteriologic 

Filter  paper 

Filtration  systems 

Flea 

Fly  - 

Frozen  sections 

Gas  production 

Gaseous  disinfection 

Gelatin 

Germicides,  testing 

Glass  blowing 

Glucose  agar 

bouillon 

gelatin 

Glycerin  agar 

Guinea  worm 

Hanging  drop 

Histology,  review  of 

Hymenolepis  nana 

Imbe<lding 

Immunity 

Indol 

Inoculation  of  animals 

Insecticides 

Insects  transmitting  disease 

Instruments,  care  of 

Karlinsky’s  nasal  secretion  organism 

Klebs- Loftier  bacillus 

Lactose  bouillon 

Lenses 

Leprosy 

Leptothrix 

Litmus  agar 

milk 

Liiftier’s  bloo<l-serum  mixture 

Madura  foot 

^lalaria 

Mai  de  caderas 

Mannite  bouillon 

Measuring  microscoi>ic  objects 

Media,  preparation  of 

Micrococcus  a gilts 
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Gelatin  injections  are  now  used  rather  extensively,  in  EnrojK*  (*s])e- 
cially,  as  a means  of  treatment  for  aneurism  and  as  a dii-ect  and  ])ro[>hy- 
lactic  hemostalic.  It  is  generally  used  in  a 2 per  cent  solution  in 
water,  boiled  immediately  before  use,  and,  as  a hemostatic,  injected 
subcutaneously.  There  seems  a great  variation  in  the  amount  of  solu- 
tion used,  some  using  200  c.  c.  and  others  as  high  as  1,000  c.  c. 

Gelatin  is  a substance  obtained  from  the  nitrogenous  portions  of  bone, 
hides,  connective  tissue,  etc.  The  collagen  when  boiled  is  changed  to 
gelatin.  Glue  is  impure  gelatin  to  which  has  been  added  some  jH  eserV- 
ative  and  some  substance  to  increase  its  i)Ower  of  adhesion.  Bone  and 
hide  gelatin  are  the  two  principal  kinds  of  gelatin.  fsingla.ss  is  gelatin 
made  from  the  bladders  of  sturgeons.  According  to  Whijiple  (5),  the 
general  process  of  manufacturing  hide  gelatin  is  as  follows : 

The  hide  scraps  are  first  macerated  and  sul>jected  to  tlie  action  of  a solution  of  lime 
or  caustic  soda  in  pits  for  two  or  three  weeks.  This  dissolves  most  of  tlie  Mood  and 
saponifies  the  fats.  The  excess  of  lime  or  .soda  is  then  largely  removed  by  washing  and 
the  solution  steamed  to  di.ssolve  the  gelatin,  but  an  excess  of  heat  is  a\oi<led. 
Sulphurous  acid  is  u.sed  to  bleach  the  gelatin.  When  of  sufficient  strength,  the  gelatin 
is  allowed  to  harden  in  molds  or  on  slabs,  and  is  ultimately  dried  in  sheets  on  wire  nets. 
Bone  geletiu  is  made  in  a ^mewhat  similar  manner.  The  bones  are  cru.shed,  boiled, 
treated  with  hydrochloric  acid,  and  the  gelatin  is  dissolved  as  before,  washed,  bleached, 
and  dried  in  .sheets.  The  process  requires  a number  of  weeks. 

According  to  the  National  Dispensatory,  gelatin  is  made  by  boiling 
in  water  for  a long  time  bone  cartilage,  animal  skin,  tendons,  and  liga- 
ments. These  substances  become  soluble  in  the  boiling  water,  and  when 
the  mass  is  allowed  to  cool,  form  a jelly.  The  animal  tissues  are  plac«  d 
upon  a sieve  or  perforated  diaphragm  some  distance  from  the  bottom  of 
the  boiler.  When  the  solution  has  become  sufliciently  saturated  it  is 
drawn  off  and  allowed  to  cool,  and  the  jelly  is  then  cut  into  thin  sheets 
and  placed  on  wire  nettings  to  dry.  While  so  exposeil  to  th(‘  air  for 
drying  it  could  easily  become  infected  with  tetanus  sjrores,  as  the  gela- 
tin is  often  manufactured  in  conjunction  with  the  other  procedures  that 
go  on  in  a large  meat-packing  house.  • 

Kuhn  (1)  reported  a case  of  tetanus  following  the  injection  of  gela- 
tin in  a hemophiliac. 

Gerulanos,  Georgi,  and  Lorenzo  (2)  riqrort  four  cases  ol  tetanus  fol- 
lowing the  injection  of  gelatin  for  the  puriiose  of  arresting  liemorrliage 
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after  operations  such  as  for  subphrenic  abscess  and  for  disease  of  the  | 
urinary  tract.  In  one  of  these  last  four  cases  the  organism  was  obtained  [ 
from  the  seat  of  injection.  i 

Drs.  Hochhalt  and  Herezel  (3)  report  a case  of  tetanus  on  the  seventh 
day  after  an  injection  of  2 per  cent  gelatin  following  splenectomy.  | 

Dr.  Laszlo  Deatsch  (3)  studied  bacteriologically  the  gelatin  used  i n I 
the  last-named  case,  and  found  that  after  being  boiled  for  five  minutes  I 
and  then  grown  anaerobically  it  contained  an  anaerobic,  spore-bearing 
bacillus.  He  advises  that  gelatin,  to  be  used  as  a hemostatic,  be  inocu- 
lated with  bacillus  subtilis  before  sterilization,  and,  as  this  organism 
is  more  resistant  to  heat  than  that  of  tetanus,  if  there  is  no  growth  of 
subtilis  the  gelatin  can  be  used  without  fear  of  tetanus, 

Drs.  Levi  and  Brun  (4),  of  Strasbourg,  examined  six  samples  of 
gelatin  and  in  four  found  tetanus  bacilli.  They  found  that  the  spores 
of  the  tetanus  bacilli  which  they  isolated  were  able  to  resist  streaming  j 
steam  for  a longer  period  than  eight  minutes.  ‘ 

Six  different  makes  of  gelatin  were  purchased  in  the  open  market  j 
and,  with  the  stock  laboratory  gelatin,  an  investigation  was  begun  with  | 

regard  to  the  presence  of  tetanus  in  the  same.  Ten  grams  of  each  | 

sample  of  gelatin  were  placed  in  100  c.  c.  of  glucose  bouillon  and  heated  | 
at  50°  0.  until  dissolved,  then  rendered  slightly  alkaline  to  litmus  and 
heated  to  80°  C.  for  ten  minutes  to  endeavor  to  kill  all  nonspore-bearing 
organisms  ; the  fiasks  at  the  end  of  ten  minutes  were  quickly  placed  in  a 
Novy  jar  and  boiled  in  vacuo  to  expel  all  of  the  air  ; the  jars  were  then 
placed  in  the  incubator  and  kept  at  37°  C.  for  one  week.  On  the 
seventh  day  the  fiasks  were  removed  from  the  jars.  Three  of  the  fiasks 
remained  sterile  ; of  the  other  four,  three  showed  an  end- spore  bearing 
rod,  the  spores  of  two  of  them  being  oval,  and  the  third  round  with  a | 
very  fine  rod ; this  last  stained  by  Gram.  | 

The  same  day  .5  c.  c.  of  each  culture  was  injected  subcutaneously 
into  white  rats,  but  beyond  making  them  very  sensitive  to  sudden 
noises  for  one  or  two  days,  no  results  were  noted.  Two  days  later  .5  c.  c. 
of  the  culture  containing  the  round,  end  spore  rod  was  put  into  a white 
mouse.  The  mouse  was  found  dead  the  next  morning.  Bouillon  tubes 
were  inoculated  from  the  site  of  inoculation  and  with  the  heart’s  blood, 
but  both  remained  sterile.  Two  drops  of  this  culture,  which  we  will 
call  No.  1,  were  put  into  a tube  of  bouillon,  heated  to  80°  C.  for  five 
minutes,  and  from  this  glucose  agar  plates  were  made  and  incubated 
for  seven  days  at  37°  C.  in  a Novy  jar.  At  the  end  of  a week  two  of  the 
plates  showed  deep,  oval  colonies  ; stained  smears  showed  these  to  be  a 
fine  rod  with  a round  end-spore. 

A fiask  and  three  tubes  of  freshly  made  bouillon  were  inocnlated  from 
the  plates ; the  flask  was  heated  to  80°  C.  for  ten  minutes ; the  tubes 
were  not  heated  after  inoculation.  Flask  and  tubes  were  grown  in  a 
Novy  jar  as  before.  One  drop  of  the  bouillon  growth  from  one  of  the 
tubes  wa^  injected  into  the  right  side  of  a mouse;  mouse  died  next 
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morniDg  with  signs  of  tetanus,  such  as  stiff  tail  and  retraction  to  right 
side.  Smears  made  from  the  site  of  inoculation  showed  the  ]>resence 
of  a thin  rod  with  a round  end-spore.  Decreasing  doses  were  put  into 
white  mice  on  successive  days  until  finally  it  wjis  found  that  .000022 
c.  c.  would  kill  a mouse  with  typical  symptoms  of  tetanus  in  four  days, 
with  an  incubation  period  of  about  thii  ty-six  hours 

SUMMARY  AND  CONCLUSIONS. 

Seven  samples  of  gelatin  examined;  one  showed  tetanus  spores. 

Two  samples  showed  an  oval  end -spore  rod,  whose  identity  was  not 
proved,  but  in  stained  specimens  it  would  be  hard  to  distinguish  from 
tetanus,  if  indeed  not  tetanus  with  diminished  virulence. 

In  tetanus  investigations  it  is  important  to  use  freshly  made  bouillon, 
as  the  organism  is  apt  not  to  germinate  in  bouillon  over  ten  days  old. 

The  thermal  death  point  of  the  organism  isolated  wiis  found  to  be 
between  twenty  and  thirty  seconds  at  100°  C. 

It  is  important,  therefore,  that  gelatin  to  be  used  for  injections  should 
be  boiled  at  least  ten  minutes  on  account  of  the  variability  of  the  ther- 
mal death  point  in  different  species  of  tetanus.  Whether  this  amount 
heating  impairs  in  any  way  the  hemostatic  power  of  gelatin  has  not 
been  settled,  but  in  case  it  does  it  is  believed  that  the  danger  from 
tetanus  more  than  overbalances  its  therapeutic  value. 

It  is  suggested  that  when,  as  in  hospitals,  there  is  likelihood  of  gela- 
tin injections  being  used  for  hemostatic  purposes  the  gelatin  solution 
be  sterilized  by  the  fractional  method  on  three  successive  days  and  kept 
ready  for  use  in  sterile  containers. 
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si^rvrARY 


Convinced  from  tlieoretical  deductioiiH  that  liookworm  disease  (uncinariasis)  must 
be  more  or  less  common  in  the  South,  a trij)  was  made  from  Washinj^ton,  I),  to 
Ocala,  Fla.,  stoi)ping  at  i)enitentiaries,  mines,  farms,  asylums,  schools,  and  factories, 
and  the  fact  was  established  that  the  chief  anemia  of  the  Southern  rural  sand  dis- 
tricts is  due  to  uncinariasis,  while  clay  districts  and  cities  are  not  favorable  to  the 
development  of  this  disease. 

In  the  Old  World,  hookworm  disease  was  i)robably  known  to  the  Egyptians  nearly 
three  thousand  live  hundred  years  ago,  but  its  cause  was  not  understood  until  about 
the  middle  of  the  nineteenth  century,  when  it  was  shown  to  be  dm*  to  an  intestinal 
parasite,  AgchyJontonm  duodenaJe.  Until  1898  no  authentic  cases  of  this  disease  were 
recognized  as  such  in  the  United  States,  but  between  1893  and  1902  about  35  ciises 
were  diagnosed.  In  1902  it  was  shown  that  a distinct  ho(jkworm,  Unrinnria  amcri- 
cana,  infests  man  in  this  country,  and  this  indicated  very  strongly  that  the  <lisea.<e 
must  be  present  although  not  generally  recognized.  It  is  now  established  that  in 
addition  to  the  few  cases  of  Old  World  hookworm  disease  imjajrted  into  the  Fnited 
States  we  have  in  the  South  an  endemi(t  uncinariasis  due  to  a distinct  cause,  (^nrina- 
ria  (uncricana.  This  disease  has  been  known  for  years  in  the  South  and  can  lu*  traced 
in  medical  writings  as  far  back  as  1808,  but  its  nature  was  not  understood.  Some 
cases  have  been  confused  with  malaria,  others  have  been  attributed  to  dirt-eating. 

The  hookworms  are  about  half  an  inch  long.  They  live  in  the  small  intestine, 
where  they  suck  blood,  produce  minute  hemorrhages,  and  in  all  i)robability  also 
j)naluce  a substance  which  acts  as  a poison.  They  lay  eggs  which  can  not  develop 
to  maturity  in  the  intestine.  These  ova  escape  with  the  feces  and  hatch  in  about 
twenty-four  hours;  the  young  worm  sheds  its  skin  twice  and  then  is  reatly  to  infect 
man.  Infection  takes  place  through  the  mouth,  either  by  the  hands  soiled  with 
larva*  or  by  infected  food.  Infection  through  the  drinking  water  may  possibly 
occur.  Finally,  the  larvae  may  enter  the  l)ody  through  the  skin  and  eventually 
reach  the  small  intestine. 

Patients  may  be  divided  into  light  ca.ses,  in  which  the  symptoms  are  very  obscure; 
medium  cases,  in  which  the  anemia  is  more  or  less  mark(*d,  and  severe  cases,  repre- 
sented by  the  dwarfed,  edematous,  anemic*  dirt -eater.  Infection  occurs  cliielly  in 
rural  sand  districts.  Above  the  frost  line  the  symptoms  are  more  sevt*re  in  summer 
than  in  winter,  and  whites  appear  to  be  more  severely  affected  than  negroes.  Per- 
sons who  come  in  contact  with  damp  earth  are  more  cc^mmonly  infc*c*ted  than  others, 
so  that  the  disease  is  found  chiefly  among  farmers,  miners,  and  brickmakei's.  Severe 
cases  are  more  common  in  women  and  children  than  in  men  ovc*r  25  yc*ars  of  age. 
Uncinariasis  is  a dis(*ase  wliich  occurs  in  grouj)s  of  cases,  and  if  om*  case  is  found  in 
a family  the  chances  are  that  other  members  of  the  same  family  are  intc*ct(*d. 

The  testimony  of  patients  severely  infected  is  unreliable.  Kc*calling  that  any  om* 
or  more  symptoms  may  be  absent  cu*  subject  to  variation,  it  maybe  notc*<l  that  the* 
period  of  incubation  (at  least  before  the  malady  can  be  diagnosc*d  by  linding  the 
eggs)  is  from  four  to  tc*n  weeks.  Stages  are  not  necessarily  distinctly  «U*tinc*d,  but  arc* 
described  as  (1)  stage  of  purely  local  symj)toms,  corr(*sponding  to  tin*  light  ca.*^t*s; 
(2)  stage  of  simple  anemia,  corresponding  to  the  medium  ca.*<c*s;  and  (3>  dro|»sical 
stage,  corresponding  more  or  less  to  the  .«c*vere  case's.  The*  iluration  ol  the*  disc*a.“c* 
after  isolation  from  the  source  of  infc*ction  has  1m*c*u  traced  for  six  yc*ars  and  sc*vc*n 
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months:  how  much  longer  infection  will  last  is  not  estabhshed.  If  a patient  is  sub- 
ject to  cumulative  infection,  the  •lisease  may  last  live,  ten,  or  even  fifteen  vears.  and 
in  case  of  light  infection  perhaps  longer. 

E:dernal  appearance. — In  extreme  cases  there  is  a general  lack  of  development; 
skin  waxy  white  to  yellow  or  tan:  hair  is  found  on  the  head,  but  is  more  or  less 
absent  from  the  body:  breasts  are  undeveloped:  nails  white:  external  genitaha  more 
or  less  rudimentary:  face  anxious,  may  be  bloated:  conjunctivfe  pale;  eyes  more 
or  less  dry,  pupil  dilates  readily;  membranes  pale  accorling  to  the  anemia;  teeth 
often  irregular:  tongue  frequently  markel  with  purple  or  brown  spots;  cervical  pul- 
sations prominent:  thorax  emaciatei;  heart  l>eats  often  visible:  abiomen  frequently 
with  “potbelly:''  extremities  emaciated,  frequently  edematous,  and  with  wounds 
or  ulcers  of  long  standing. 

Urine  1010  to  1015;  in  advanced  cases  albumin  without  casts:  acid  or  alkaline. 

Feces  reidish  brown,  contain  eggs,  and  may  contain  blood. 

Circulatory  system. — Anemia  pronounced,  according  to  degree  ctnd  duration  of  infec- 
tion: blood  watery,  with  decrease^!  re<i  blood  corpuscles  and  with  eosinophilia: 
“heart  <iisease''  very  commonly  complained  of:  hemic  murmurs  present:  pulse  SO 
to  132  per  minute. 

Temperature. — Subnormal,  normal,  or  to  101^  or  102'  F. 

Respiratory  .system. — Breathing  may  be  difficult,  slow,  or  increase*!  to  as  high  as  30. 

Muscular  system. — Emaciation  and  great  physical  weakness. 

Digestive  .system. — Appetite  poor  to  ravenous:  abnormal  appetite  often  develope*! 
for  pickles,  lemons,  salt,  coffee,  sand,  clay,  etc.;  pain  in  epigastrium:  constipation  or 
diarrhea. 

Xerrmis  system. — Headache,  tlizziness,  nervousness,  mental  lassitude,  and  stupidit)’. 

Genital  system. — Menstruation  irregular  or  absent:  if  present,  it  occurs  chiefly  in 
winter;  there  is  a marked  tendency  to  abortion. 

Diagnosis. — The  safest  plan  is  to  make  a microscopic  examination  of  the  feces  to 
find  the  eggs;  or,  if  feces  are  place*!  on  white  blotting  paper,  a blood-like  stain  will 
be  notice!. 

Treatment. — Thymol,  or  male  fern  for  ? calomel  > ; iron,  an*!  good  food. 

Prognosis. — Goo*!,  if  patient  is  not  too  far  gone  at  time  of  treatment. 

Lethal iiy.-X^ot  yet  determined. 

Prevention. — Treat  all  cases  found  and  *!ispose  of  feces. 

Ec<jnomically.  uncinariasis  is  very  important.  It  keeps  chil*.!ren  from  school, 
decreases  capacity  for  both  physical  an*!  mental  labor,  an*!  is  one  of  the  most 
important  factors  in  *!etermining  the  present  con»!ition  of  the  poorer  whites  of  the 
san»!  and  pine  districts  of  the  South. 

The  disease  is  carrie*!  from  the  farms  to  the  c*3tton  mills  by  the  mill  hands,  but 
<!oes  not  sprea*!  much  in  the  mills;  nevertheless,  it  causes  a considerable  amount  of 
anemia  among  the  operatives. 


REPORT  IPOX  THE  PREVALENCE  AM)  OEOGRAPHIC 
DISTRIRl  TION  OF  HOOKWORM  DISEASE  (I  NdNAHIA- 
SIS  OR  ANCHVLOSTOMIASIS)  IN  THE  IMTED  STATES. 


By  Cn.  Wardell  Stiles,  Bli.  D., 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  C.  S.  Jbihlir  Health  and  Marine- 

Hospital  Service. 

INTRODUCTION. 

Thoroughly  convinced  from  theoretical  zoologic  considerations, 
especialh’^  of  a faunistic  nature,  that  uncinariasis  must  he  a more  or 
less  common  disease  in  the  Southern  portion  of  the  United  States. 
1 requested  instructions  from  Surgeon-General  Wynian  to  study 
the  sid^ject  in  a held  investigation.  The  desired  authorization  was 
received  and  the  results  of  the  work  are  contained  in  this  paper. 

DEFINITION. 


Uncinariasis  is  a specihc  zooparasitic  disease  found  especially  in 
tropical  and  subtropical  sand  areas,  and  caused  by  hookworms  (genus 
Uncinarid)  which  inhabit  the  small  intestine.  Its  chief  symptoms 
are:  Anemia,  with  the  circulatory  s}uuptoms  found  in  all  extreme 
anemias,  namely,  dizziness,  palpitation,  hemic  murmurs;  great  weak- 
ness, in  some  cases. with  considerable  emaciation;  colicky  pains  in  the 
abdomen;  perverted  appetite,  such  as  “dirt-eating;'’  constipation  or 
diarrhea,  stools  sometimes  brownish  or  lilood}’;  nausea;  edema.  The 
only  positive  diagnosis  is  by  hnding  the  parasite  or  its  eggs  in  the 
stools.  It  may  affect  any  cla.ss  of  patients,  but  is  more  frequent  in 
per.sons  who.se  daiU^  life  brings  them  in  contact  with  damp  earth 
(children,  farmers,  miners,  brickmakers,  excavators,  etc.). 


TEKMINOLO(IY. 


The  di.sea.se  now  under  di.scu.ssion  is  known  by  a number  of  different 
names,  but  uncinariasis"  should  be  adopted  as  the  more  correct  tech- 
nical designation.  Among  the  names  frecpiently  appli<‘d  to  it,  the 


^Loos.'^  (1902)  ha.s  recently  attempted  to  yiippre.s‘^  tlie  term  “ uncinaria.'^i.‘<”  in 
favor  of  anchylostomiaHis,  lii.s  view  being  that  the  genu.'^  Agehyln.yoma  is  distiin-t 
from  Vncinaria.  Ilis  fjuggestion  does  not  lielp  matters  much  at  pri*.‘<ent,  Kven  if 
the  zoological  genera  are  recognize<l  as  distinct,  nncinari;isis  wonld  still  exist  in  man, 
while  among  animals  it  would  l)e  still  more  common  than  anchylostomiasis.  Further, 
thetwogenera  would  probably  have  to  be  imittMl  in  a subfamily,  whi<’h  couM  then 
be  called  “ Uncinariime,”  and  uncinariasis  could  then  signify  any  infection  of  any 
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following  may  be  mentioned  in  particular:  Anchylostomiasis,  ankylos- 
tomiasis, brickmakers’  anemia,  Egyptian  chlorosis,  miners’  anemia, 
miners’  cachexia,  tunnel  anemia,  St.  Gothard  tunnel  disease,  tropical 
chlorosis,  hookworm  disease,  and  tunnel  disease.  (See  also  pp.  31,  32, 
96.) 

HISTORICAL  REYIEW. 


In  order  to  understand  the  exact  status  of  the  subject  of  uncinari- 
asis, it  will  be  well  to  take  a brief  historical  review  of  hookworms  in 
general,  hookworm  disease  in  general,  and  hookworm  disease  in  the 
United  States. 

BRIEF  REVIEW  OF  HOOKWORMS. 


It  is  quite  probable  that  the  ancient  Egyptians,  nearly  thirty -live 
hundred  j^ears  ago,  were  acquainted  with  the  parasites  which  we  now 
call  hookworms.  From  a zoological  standpoint,  however,  the  first 
hookworm  knoAvn  to  science  was  a parasite  in  the  intestine  of  the 
common  badger  {21eles  taxus)  of  Europe,  described  by  Goeze,  a Ger- 
man clergyman,  in  1782.  Goeze  called  the  parasite  “der  Haarrund- 
wurm”  (the  hair  round  worm),  and  gaA^e  to  it  the  Latin  name  Ascaris 
criniformis.  Although  he  placed  this  species  in  the  same  genus  with 
the  ordinaiT  eel  worm,  Ascaris  lumhricoides^  he  intimated  that  it  rep- 
resented a distinct  genus.  One  of  the  anatomical  characters  which 
Goeze  noticed  was  a membranous  expansion  on  the  tail  of  the  male, 
and  in  this  he  saw  two  finger-  or  ray-like  structures  Avhich  he  inter- 
preted as  ‘‘hooks”  (see  caudal  rays  in  figs.  1,  15). 

In  1789  Froelich  found  a similar  worm  in  the  common  fox  {Canis 
valjyes  or  Vulpes  vulpes)  of  Europe.  He  noticed  the  'same  mem- 
branous expansion  and  “two  hooks  with  man}^  points”  on  the  end  of 
the  tail.  On  account  of  this  character  he  adopted  the  A^ernacular 
name  “Haakenwurm”  (hookworm),  and  proposed  the  generic  name 
JJncinaria  for  the  new  genus  Avhich  he  established. 

It  IS  now  known  that  the  membranous  expansion  is  the  caudal 
bursa,  found  in  all  members  of  the  family  Strongylidse,  while  the 
so-called  “hooks”  represent  the  “rays”  or  “ribs”  Avhich  support  the 
bursa  (see  fig.  1).  In  the  early  part  of  the  nineteenth  century  several 
other  species  of  hookworms  were  described  as  parasitic  in  various 
animals,  and  they  were  united  generically  Avith  the  “colic  worms” 
(strongyles)  of  horses. 


animal  ’vvith  any  member  of  this  subfamily.  In  case  the  term  “anchylostomiasis” 
IS  adopted,  which  of  the  many  spellings  should  be  recognized?  Adopting  uncin- 
ariasis relieves  us  of  the  necessity  of  discussing  that  point,  and  further  giv.es  to  the 
name  of  the  disease  the  same  orthography  in  several  different  languages.  The  case 
at  hand  gives  rise  to  the  question  whether  it  is  not  inadAusable  to  name  diseases 
after  the  zoological  names  of  the  parasites,  at  least  during  the  transitional  stage  of 
zoological  nomenclature.  As  a matter  of  fact  it  is  the  function  of  the  medical  pro- 
fession, not  that  of  the  zoological,  to  determine  what  names  should  be  used  to  desig- 
nate diseases,  but  at  the  present  moment  medical  terminology  is  subjective. 
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In  1843  Dubiiii,  of  Milan,  Italy,  dcscribod  a hookworm  as  parasitic 
in  man.  Besides  the  caudal  “hooks"  (i.  e.,  the  “rays")  of  the  male, 
Dubini’s  parasite  presented  four  hooks  in  the  mouth.  It  presented 
further  an  anatomical  character  which  is  common  to  all  hookworms, 
nameh^  the  ventral  surface  of  the  an- 
terior end  g’rows  more  rapid than  the 
dorsal  surface,  so  that  the  oral  end  is 
bent  backward  like  a “hook,''  and  the 
mouth  thus  occupies  a dorsal  position. 

Thus  it  is  seen  that  the  orio-inal  char- 
acter  which  led  to  the  vernacular  name 
“ hookworm'’  was  a misinterpretation; 
the  second  character  of  “ hooks''  (name- 
h%  in  the  mouth),  which  has  been  pop- 
ularly but  erroneously  interpreted  as 
responsible  for  the  vernacular  name 
“hookworm,'’  is  not  present  in  all  spe- 
cies; the  hooklike  curvature  of  the  head 
is  usually  but  not  always  distinct.  I 
propose,  however,  to  retain  the  word  “hookworm"  as  a vernacular  name. 

It  is  not  apparent  that  Dubini  knew  that  Fradich  had  ])roposed  the 
^'enus  UnchiarUi^  and  it  is  probably  on  this  account  that  he  proposed  a 
new  genus — A(/cIn/J(fsfotn(vh\  name — to  contain  the  parasite  {Agc/njln- 
Htonia  (J}mdenalt)  which  he  had  found  in  man. 

For  years  it  was  supposed  that  this  was  the  only  species  of  hookworm 
found  in  man,  but  in  Mav,  lb02,  I showed  that  in  America  we  have  a 
distinct  species,  which  I named  Unclnaria  americana. 


Fig.  1. — Caudal  bursa  of  a male  strongyle 
{(ICsoj>/ia(jt)K(oma  dental imi),  to  serve  a.s 
diagram  for  the  family:  v.  r..  ventral 
rays;  v.I.  /•.,  ventro-lateral  rays;  1.  r.,  lat- 
eral rays;  d.  1.  r.,  dorso-lateral  rays;  d.  r., 
dorsjil  rays.  X y3.  (After  Sehneidcr, 
1S6G,  p.  130.) 


ZOOLOGICAL  POSITION  OF  THE  PARASITES. 


The  parasites  which  cause  uncinariasis  are  worms  belonging  to  the 


nematode  faniilv  Strongvlidtv. 


Family  STKONGYLIDA]. 


Famii.y  DIAGNOSIS. — NeiiKitoda:  With  laxly  elontjate,  cvlimlrical,  rarely  tilifonu. 
Mouth  is  probably  always  provided  with  six  papilla*,  of  which  the  four  siibmediaii 
are  generally  salient  in  form  of  nodules  or  conical  ]>oints.  In  some  ea.‘<es  the  mouth  is 
in  the  axis  of  the  body;  in  others  it  is  turned  dor.sally  or  veiitrally,  and  occasionally 
provideil  with  a ehitinous  armature.  Esophagus  more  or  less  swollen  in  posterior 
portion,  but  without  forming  in  adults  a distinct  esophageal  biilh.  Male  provided 
with  a caudal  bur.*ia,  open  or  eloseil,  entire  or  divide<l,  and  with  oiu*  or  two  spicules. 
Female  with  one  or  two  ovaries;  vulva  aiit(*rior  or  posti*ri<*r  of  equatorial  i>lane,  m 
some  eases  near  the  anus.  Eggs  deposited  during  segmentati<»n,  in  some  ease's 
containing  embryo. 

Type  gencs. — Strongiflus  O.  F.  Mueller. 


The  sexes  are  .separate  and  the  digestive  tract  is  compicti*.  Charac- 
teristic for  the  family  is  the  pre.sence,  on  the  tail  ot  the  mah*,  ot  an 
umbrella-like  structure  known  as  the  caudal  or  “copulatorv  Imrsa,  ’ 
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supported  by  a number  of  fino-er-like  **  raysd*  which  may  be  compared 
to  the  ribs  of  an  umbrella.  In  coitu,  the  male  clasps  the  body  of  the 
female  by  means  of  this  bursa. 

This  family  is  divided  into  subfamilies,  according  to  the  presence  of 
certain  anatomical  characters.  The  parasites  of  uncinariasis  are  now 
classified  in  the  subfamily  Strongylinfe,^  which,  as  its  former  name, 
Sclerostomin^e,  indicated,  is  characterized  by  the  presence  of  a hard 
chitinous  ‘M)uccal  capsule." 

Su-Tofaixiily^  STROZSTG-YLIIN-^. 

Subfamily  diagnosis. — Strongylidse : Meromyaria;  mouth  with  more  or  less  com- 
plete chitinous  armature,  Male  with  two  ecpial  spicules;  caudal  bursa  with  rays, 
the  dorsomedian  and  dorsolateral  being  united  in  a common  base.  Female  with 
two  ovaries,  except  in  Ollulanus. 

Type  genus. — Strongylus  Mueller. 

The  subfamily  Strongwlinte  is  in  turn  divided  into  a number  ot 
genera,  of  which  we  may  mention  here  the  following: 

Strongylus  [Sderostornci];  the  sclerostomes,  including  the  colic  worms 
of  horses  and  the  kidney  worms  of  hogs  (but  not  the  kidney  worms  of 
dogs  and  man); 

Syrigamus^  including  the  gape  worms  of  chickens;  and 

Vncinaria.  the  hookworms,  including  the  parasite  of  uncinariasis. 

It  seems  very  probable  that  hookworms  will  have  to  be  divided  into 
several  different  genera,  for  which  a new  subfamily  will  perhaps  be 
recognized,  but  it  is  not  quite  clear  at  present  just  what  genera  will 
be  admitted.  Undoubtedly  VncbiariaYvoeliQ]!,  1789.  must  be  adopted 
for  one,  and  in  this  will  probably  be  placed  worms  like  Uncinaria 
stenoceplicda,  possessing  ventral  lips  but  not  ventral  recurved  teeth. 

It  is  quite  possible  that  a second  genus  (2Ionodontus  Molin,  1861,  or  ! 
Bimostoinum  Railliet,  1900)  will  be  recognized  for  certain  other  ] 
forms,  with  buccal  lips  and  with  the  prominent  dorsomedian  buccal 
tooth,  as  was  proposed  by  Molin;  probably  the  new  American  hook- 
worm will  be  placed  in  this  genus.  Hookworms  with  the  ventral 
recurved  buccal  teeth,  as  seen  in  Uncinaria  duodenalis  and  Vncinaria 
canina  will  probably  be  separated  into  a distinct  genus,  for  which 
Dubinins  name  Agchylostomoj  will  be  available.  To  satisfactorily  | 
determine  the  points  at  issue  will  require  further  anatomical  study  of  ; 
a number  of  different  species.  For  the  purpose  of  this  paper  it  will  ; 
be  sufficient  to  call  attention  to  these  probable  changes. 

«Froin  a study  of  the  history  of  the  nematode  genera,  it  is  very  clear  that  there 
will  have  to  he  a general  revision  of  the  technical  names  of  this  group.  The  original  |i 
Strongylus,  for  instance,  was  a sclerostome,  hence  the  names  Sclerostoma  and  Sclerosto-  j 
mime  will  have  to  fall  into  synonymy.  It  is  probable  that  Metastrongylus  will  be  the  | 
correct  name  for  the  lung  strongyles.  Strongylus  contortus  becomes  Hsemonchus  ‘ 
contortus.  As  soon  as  certain  remaining  points  of  this  nature  are  decided,  Hassall 
and  I will  issue  a list  of  nematode  genera,  together  with  their  type  species. 
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Genus  UNCINARIA«  Froelich,  1789. 

Generic  diagnosis. — Strongylime:  With  anterior  extremity  curved  dorsally;  mouth 
round  to  oval,  opening  oblique,  limited  by  a transparent  border  and  foIlowe«l  by  a 
chitinous  buccal  capsule;  the  dorsal  portion  of  the  capsule  is  shorter  than  the  ventral, 
and  is  .supported  by  a conical  structure,  the  point  of  which  sometimes  extends  into 
the  cavity;  at  the  ba.se  of  the  buccal  capsule  are  found  two  ventral  teeth;  toward 
the  inner  free  border  the  ventral  wall  bears  on  each  side  of  the  median  line  chitin- 
ous structures,  lips  ( Uncinaria)  or  teeth,  often  recurved  in  shape  of  hooks  {Afjclnjht- 
stoma)]  the  inner  dorsal  wall  may  also  bear  lips  or  teeth.  Oviparous,  eggs  with  thin, 
transparent  shell. 

Type  species. — Uncinaria  nilpis^  Frcelich,  1789. 

« Synonymy,  with  Original  Place  of  Publication. 

1789:  Uncinaria  FRCELiCH<Der  Naturforscher,  Halle,  v.  24,  pp.  130-139;  type,  Unci- 
naria mlpis  Frcelich,  1789. 

1799:  Unciaria  FiscHER<Arch.  f.  d.  Physiol.,  Halle,  v.  3,  p.  99.  [Apparently  a 
misprint  for  Uncinaria.'\ 

1843:  Agchylostoma  DuBiNi<Annal.  univers.  di  medic..  Milano,  v.  106,  aprile,  pp. 

5-13;  type,  Agchylostoma  duodenale  Dubini,  1843. 

1845:  Ancylostoma  CREPLiN<Archiv  f.  Xaturg.,  Berlin,  11.  J.,  v.  1,  p.  325;  for  Agchy- 
lostoma Dubini,  1843. 

1845:  Bochmius  Dujardin,  Histoire  naturelle  d.  helminthes,  pp.  267,  275-279;  type, 
Uncinaria  indpis  Frcelich,  1789. 

1845:  Dormius  Dujardin,  ibidem,  p.  114.  [Misprint  for  Dorhmins.l 
(1846):  Anchylostoma  delle  CiiiAJE<Rendicon.  dell’Accad.  delle  Sci.  Xaj>oli,  v.  5, 
p.  339.  [Not  verified.] 

1850:  Anchylostoma  Dubini,  Entozoografia  umana,  pp.  102-112;  for  Agchylostoma 
Dubini,  1843. 

\%o\\.Ancylostoinuni  Diesing,  Systema  helminthum,  v.  2,  p.  82;  for  Agchylostoma 
Dubini,  1843. 

1851:  Anchylostomiim  Diesing,  Systema  helminthum,  v.  2,  pj».  321-322;  ior  Agchy- 
lostoma Dubini,  1843. 

1861:  Monodontus  Molin  (not  Monodonta  Lamarck,  1799),  II  sottonline  degli  acrofalli 
<Mem.  r.  1st.  ven.  di  sc.,  lett.  ed  arti,  Venezia,  v.  9,  pp.  435,  463-470;  type, 
M.  semicircularis  Molin,  1861. 

1861:  Doohmins  MoLiN<Ibidem,  p.  471.  [Misprint  for  Btichmins.] 

1862:  Dcfc/jmi».?<Veterinarian,  Ix)nd.  (416),  v.  35,  4.  s.  (92),  v.  8,  Aug.,  pp.  549-556. 
[Misprint  for  Dochmins.} 

1879:  Anchilostoma  BozzoLO<Osservatore,  Torino,  v.  15  (24),  17  giugno,  pp.  369-370; 
for  Agchylostoma  Dubini,  1843. 

1895:  Anhjlostomnni  STOssicn<\Boll.  Soc.  Adriatica  di  sc.  nat.  in  Trieste*,  v.  16,  pp. 
21-25;  for  Agchylostoma  Dubini,  1843. 

18—7;  “ vl Dubini”  of  various  authors;  ior  AgchylasUnmi  Dubini,  1843. 
1897:  Anchylostamum  M(EHLAU<Buffalo  M.  J.,  v.  .36  (8),  Mar.,  p.  573.  [Misprint  for 
A nchylostom  tun.] 

1902:  Do/imu/«  Looss<Centrabl.  f.  Bakteriol.,  PanL«itenk.  [etc.],  .lena,  1 Abt.,  v.  31 
(9),  5.  Apr.,  Originale,  p.  424.  [Misprint  for  Iktchnuns.] 

1902:  Unicinaria  von  Linstow<Zoo1.  Centralbl.,  Ix?ipz.,  v.  9 ( 24-25),  16.  Dec.,  p.  < <8. 
[Misprint  for  Uncinaria.] 

^This  species  is  probably  identical  with  Uncinaria  melts  i-'ro*lich,  1<89;  Ascarir 
criniformis  Geeze,  1782,  and  with  Uncinaria  stenocejthala  (Uailliet,  1884). 
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The  anatomical  character  which  distiuofuishes  the  o^enus  V neinaria 
is  the  dorsal  curvature  of  tlie  anterior  extremity  of  the  body,  due  to 
the  shortness  of  the  dorsal  wall  of  the  buccal  capsule  and  resulting  in 
bringing  the  mouth  into  a dorsal  instead  of  a terminal  or  a ventral 
position. 

In  many  medical  writings  this  genus  is  ivdmed  Anc^ i/7osfoma , a word 
which  is  spelled  in  at  least  nine  different  ways,  and  the  disease  is 
spoken  of  as  onchylodorniash.  This  nomenclature  and  terminology 
are  due  to  the  fact  that  when  the  hookworm  {Vncinarla  duodenal  is)  of 
man  was  first  described,  in  1ST3.  it  was  supposed  to  represent  a new 
genus  {Agchylosfoma).  As  a matter  of  fact,  however,  it  is  generally 
acknowledged  to  be  congeneric  with  a worm  described  in  1789  as 
Tdncmaria.  By  the  international  *Aaw  of  priority/'  therefore,  the 
names  Agchylostoma,  AnchyJostoma,  etc.,  fall  into  .synonymy  until  it 
can  be  shown  that  the  two  species  are  not  congeneric.  (See  p.  Id.) 

In  explanation  to  physicians  it  may  be  here  stated  that  zoologists 
are  obliged  to  deal  with  hundreds  of  thousands  of  technical  names, 
and  on  this  account  they  have  been  forced  to  adopt  very  rigid  rules 
governing  their  use.  Our  most  important  rule  is  the  "law  of  prior- 
ity." which  to  us  is  as  essential  as  is  the  "code  of  ethics'’ to  the 
physician.  ’ 

The  genus  Uncina.ria  contains  blood-sucking  wonns  of  the  worst 
type.  They  are  usually  not  over  an  inch  in  length  nor  thicker  than 
an  ordinary  hatpin.  They  are  provided  with  a heavy  armature  of 
sharp  teeth,  by  means  of  which  they  pierce  the  intestinal  mucosa  of 
their  host.  They  have  also  an  unusually  strong  muscular  esophagus, 
wliich  serves  as  a pump  during  the  act  of  sucking  blood.  An  important 
point,  from  the  medical  aspect  of  the  parasites,  is  that  they  do  not 
remain  fastened  to  one  spot  in  the  bowels,  but  suck  first  at  one  spot 
and  then  at  another.  Thus  the  patient  loses  blood  directly  to  the 
parasites,  and  also,  by  numerous  minute  hemorrhages,  into  the  intes- 
tine. It  is  probably  this  latter  factor  which  occasionally  gives  to  the 
stools  of  patients  that  peculiar  reddish-brown  tinge,  and  also  their 
occasional  bloody  appearance. 

The  injury  to  the  intestinal  wall  does  not  stop  with  the  bite.  The 
wound  foi-ms  an  excellent  point  of  attack  for  bacteria,  and  the  intes- 
tinal wall  becomes  thickened,  thus  losing,  to  a greater  or  lesser  degree, 
the  ability  properly  to  perform  its  function.  Aot  only  does  the  patient 
lose  blood,  but  his  power  of  assimilation  is  impaired,  and  the  supply 
of  blood-forming  material  is  thus  in  part  cut  off'.  Some  authors  also 
claim  that  the  parasites  produce  a poison  which  acts  upon  the^ system, 
a view  which  is  very  strongly  supported  by  certain  clinical  facts. 

It  was  stated  above  that  hookworms  are  found  in  various  animals. 
Now.  the  general  rule  mav  be  laid  down  that  where  these  worms  are 
present  trouble  may  be  expected. 
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Unclnarla  amerlama  {ind  AgcJnjlostoina  (hiodejude  caiiso  in  iiuin  the 
disease  variously  known  as  uncinariasis,  uncinariosis,  anchylostoiniasis, 
tunnel  disease,  miners’  anemia,  brickmakers’  anemia,  mountain  ane- 
mia, etc. 

AgchyJostoma  canhumt  [Uhchun'ld  canhia^']  causes  a similar  dis(‘ase 
in  dogs,  resulting,  in  some  parts  of  the  country,  in  a death  rate  of 
from  25  to  40  per  cent  of  the  pups  born.  Uncinariasis  in  dogs  is 
exceedingl}^  common  in  Washington,  I).  C.  ‘‘Ty])hoi(r'  in  cats  is 
attributed  to  this  parasite. 

Instructors  in  medical  colleg'es  who  wish  to  demonstrate  iK^okworms 
and  their  eggs  to  the  students  Avill  tind  ^1.  caninum  of  dogs  an  excel- 
lent substitute  for  Agehylosfomn  duodenal e of  man  in  case  the  latter 
species  can  not  be  obtained. 

Unclnaria  stenoeepluda  occures  in  dogs,  foxes,  and  allied  animals, 
and  is  causing  considerable  troid)lc  in  the  blue  fox  {Vulpc,s  lag<g>ui<) 
industiy. 

Uitchiarla  trlgonocepli(d<d  is  found  in  sheep  and  produces  a serious 
anemia.  This  parasite  has  been  met  in  Victoria  and  ( alhoun  counties, 
Tex.,  where,  in  conjunction  with  the  twisted  wireworm  {llH^numchus 
CO) dart  it  has  caused  the  death  of  from  25  to  5o  per  cent  of  certain 

docks. 

TJncinar  'ut  radtat<d^  is  found  in  cattle,  producing  trouble  just  below 
the  stomach.  The  writer  has  collected  this  ])arasite  in  Dewitt, 
Gonzales,  Victoria,  and  Calhoun  counties,  Texas,  and  has  seen  speci- 
mens from  Florida  collected  by  Dr.  C.  F.  Dawson. 

TJnclnaria  Luca.'ii  was  found  several  years  ago  in  the  seal  pups  of 
Alaska  by  Mr.  Lucas,  after  whom  the  worm  has  been  named.  It  is 
responsible  for  about  17- per  cent  of  the  deaths  of  the  pups. 

Still  other  species  of  hookworms  are  reported  for  other  animals. 

None  of  the  species  from  animals  mentioned  above  is  known  to  atfect 
man.  nor  has  either  Unclncu'ui  amei'icana  or  Agchylnsionta  duodoade 
of  man  been  satisfactorily  demonstrated  to  occur  normally  in  other 
hosts  than  man. 

«This  is  Vnrtnnria  rnnina  (Enrolani  1859)  Itiiilliet,  1900,  a j)anisite  of  canim's  and 
felines,  which  is  usually  known  as  Uiirlndriatrlf/oiutrejjhnld  ( Kialolphi,  ISOIC)  liailliet, 
1885  [not  Uncinnria  trlfjo)io(rj>h(iln  (Rudolphi,  1809)  Raillict,  19(M)].  If  rnrinarla 
and  Agchiflustonid  a.r{}  reco^ni/e(l  as  distinct,  V.  caniuu  should  he  placed  in  tlu*  same 
genus  as  V.  dnodmallx.  I liave  not  yet  tested  the  correctness  of  tin*  sjtecilic  name 
ranina  for  this  form,  hut  it  is  lien*  accepted  on  authority  of  Railliet. 

^ This  is  Uncinaria  tngoiiorep)inln  (Rudolphi,  1809)  Railliet,  1900  [not  “f.  ingouo- 
cephidd  Rudolphi,  1809)”  Railliet,  1885].  Both  Railliet  and  I have  recently  exam- 
ined Rudolphi’s  original  material,  and  it  is  unqiu*stionahly  identical  with  I . cermm 
(Creplin,  1829)  of  sheep.  This  species  is  closely  related  to  l\  uintTicanu. 

c Strongglnx  contortux  Rudolphi. 

^ Bunostomum  jddehotomnm  Railliet. 

19558 — No.  lO— 2 
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Stiles.  1902b.  p.  190.  fig.  125.) 
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spread  out  to  show  the  arrangement  of  tlie  rays.  Note  the  short  dorsal  lobe  which  is  subdivided, 

, forming  two  lobes;  note  also  the  indistinct  ventral  lobe  connecting  the  two  lateral  lobes.  The 
dorsal  lobe  is  thrown  back  over  the  body.  Greatly  enlarged.  (After  Stiles,  I'JtfJb,  p.  191,  fig.  126.) 

[TJNCINARIA  Frcelich,  1789,  sensu  stricto]. 

OtAtJNosis. — VncliKir'm  s.  1.  with  iniccal  lips. 

^ Type  SPECIES.  — Vnchiaria  ndp'o^  Frcplicli. 

( 

j The  New  World  hookworm — UNCINARIA  AMERICANA'/  Stiles.  1902 — of  man. 

1 (Figures  2 to  9.) 

1,  Specific  Di.vtixosis. — cylindrii-al,  soiiu'wluit  attcniiatial  aiito- 

^ riorly.  Buccal  capsule  with  ji^lorst^pair  of  j)roMiiuent  semilunar  i)lates  or  lips, 
I similar  to  V.  sfenorejihalo,  and  a^^itmQpair  of  sli<;litly  <levelopc<l  lips  of  the  same 
I nature;  dorsal  conital  median  tooth  projects  prominently  into  the  huc<-al  cavity, 
similar  to  Monodoutw^  yMale,  7 to  9 mm.  Ion*;;  (audal  hursa  with  short  dorso-me<liati 
lobe,  which  often  apj>ears  as  if  it  were  divided  into  two  l(»hes,  and  with  promin  mt 
il  lateral  lobes  united  ventrally  liy  an  indistinct  vtuitral  lolie;  h»r  rays.  s(>e  (i;:urfs 
7-8;  comiiK)!!  base  of  dorsal  and  dorso-hiti*ral  rays  very  short;  dorsal  my 
divi<led  to  its  base,  its  two  branches  heinj;  prominently  diver^rent  ainl  their  tips 
bein<;  bipartite;  spicules  lonj;  and  slemler.  Female,  9 to  1 1 mm.  lon^G  vulva  in 
anterior  half  of  body,  but  near  ecpiator.  F«rj;s,  ellipsoid,  (>4  to  7H  n lon^  by  di>  to 
40 broad,  in  some  cases  j)artially  sef;mente<l  in  utero,  in  other  i ran;)  ca-'^es  I'on* 

: taininjjr  a fully  developed  embryo  when  oviposited. 

IIamitat. — Small  intestine  of  man  {Homo  siij>lrtis)  \\\  Aim*rica  ( determiiUHl  to  date, 
for  Vir);inia,  North  and  South  Carolina,  ( Jeor^ia,  Flori<la,  .\labama,  Texa.'i,  Porto 
Rico,  Cuba,  and  Brazil). 

Type  sPECi. MENS. — No.  8310,  P>.  A.  I.,  V.  S.  Dept.  A^ai<*. 


//Syxony.my  with  Okigix.ve  Pl.u  e of  Pcmi.ica tio.v. 

1902:  Uncinnria  americaiia  Stiles  c^.Vm.  Med.,  Phila.,  v.  3 (Pbi,  May  10,  pp.777-778. 
1902:  Vnicinarla  mnerirana  (Stiles)  vo.v  Li.vstow*  Zool.  ('eiitralbl.,  I^-ipz.,  v.  9 
(24-25),  10.  Dec.,  ]).  778.  [Misprint.] 


20 


LIFE  HISTORY  OF  UNCINARIA  AMERICANA. 

The  life  history  of  the  American  hookworm  has  not  yet  been  deter- 
mined in  detail,  but  there  is  no  reason  for  assuming  that  it  will  differ 
radically  from  that  of  AgchyJostoma  duodenale  (see  p.  2d.)  . , 

In  my  first  description  of  the  worm  I stated  that  the  egg  in  the  * 
uterus  mav  occasionallv  contain  an  embrvo.  Since  makiup-  this  obser- 
vation  on  the  females  sent  to  me  by  Dr.  Allen  J.  Smith  I have  exam- 
ined hundreds  of  fresh  eggs,  but  have  not  found  aiw  containing  ; 

developed  embryos.  The  question  ma}^  j 
therefore  legitimately  arise  whether  : 
the  females  originally  examined  were 
not  exposed  to  the  air  for  some  time 
before  they  were  preserved;  thus  mak- 
ing the  development  of  the  eggs  pos- . 
sible.  If  the  embryo  does  develop  in 
the  uterus,  as  indicated  by  some  of  Dr.  ^ 
Allen  J.  Smith’s  material,  such  an  oc-  | 
currence  is  undoubtedly  rare. 

DEVELOPMENT  OUTSIDE  THE  BODY. 

Segmentation. — In  feces  exposed  to  a 
September,  October,  or  early  November 
temperature  of  the  Carolinas,  Georgia, 
and  Florida,  the  embrvo  develops  in 
the  egg  (fig.  9)  in  about  one  day's  time. 
In  some  instances  the  embrvo  develops  | 
in  less  than  21  hours.  It  is  a com-  ' 
mon  occurrence  to  find  feces  2d  hours 
old  containing  free  embryos.  j 

The  conditions  under  which  the  trip  was  made  were  not  favorable  i 
to  exact  observation  in  regard  to  temperature,  moisture,  etc.  It  was, 
however,  possible  to  find  worms  in  their  first  ecdysis  about  2 to  3 days  i 
after  hatching,  and  worms  in  the  second  ecdysis  about  T to  9 days  j 
after  hatching.  These  observations  were  made  under  most  unfavor-  I 
able  circumstances,  when  careful  measurements,  drawings,  etc.,  were  j 
excluded,  hence  thei^  should  be  repeated. 

DEVELOPMENT  INSIDE  THE  BODY. 

Experimental  infections  during  the  trip  were,  of  course,  impossible. 


Fig.  9. — Four  eggs  of  the  New  World 
hookworm,  Uncinaria  americana,  in 
the  1,  2,  and  4 cell  stages.  The  egg 
showing  3 cells  is  a lateral  view  of  a 
4-cell  stage.  These  eggs  are  found  in 
the  feces  of  patients  and  give  a positive 
diagnosis  of  infection.  Greatly  en- 
larged. (After  Stiles,  1902b,  p.  192,  fig. 
127.) 


I [AGCHYLOSTOMA  " Dubini,  1843.] 

1 Diagnosis. — r^K'iitarla:  Provided  with  ventral  recurved  teeth. 

Type  species. — Agchn/osfom((  dnodeitaJr  Duhini,  1S4.‘>. 

i 

The  Old  World  hookworm — AGCHYLOSTOMA  DTJODENALE  Dubini.  1843,  or  UNCINARIA 
DTJODENALIS  ( Dubini  i Railliet,  1885 — of  man. 

(Figures  10  to  41.) 

Specific  Diagnosis. — Agchylostoma:  Body  cylindrical,  somewhat  attenuated  ante- 
riorly. Buccal  cavity  with  two  pairs  of  ventral  teeth  curved  like  hooks,  and  one 
pair  of  dorsal  teeth  directed  forward;  dorsal  rib  not  projectinj^  into  the  cavity. 
Male,  8 to  11  mm.  long;  caudal  bursa  with  dorso-median  lobe,  and  prominent  lateral 
lobes  united  by  a ventral  lobe;  for  rays,  see  tig.  14;  dorsal  ray  divides  at  a iK)int 
two-thirds  its  length  from  its  base,  each  branch  being  tridigitate;  spicules  long  and 
slender.  Female,  10  to  18  mm.  long;  vulva  at  or  near  posterior  third  of  body.  Eggs, 
ellipsoid,  52  to  60  //  by  32  /<,  laid  in  segmentation.  Develoiiment  direct  without  inter- 
mediate host. 


There  are  numerous  ways  of  spelling  this  word  (.see  p.  15),  more  than  one  with 
more  or  less  philological  authority.  Under  these  circumstances  I ado])t  the  original 
orthography,  despite  the  fact  that  it  is  not  philologically  correct.  By  this  action  I 
do  not  intend  to  necessarily  reject  the  ruling  covered  by  the  International  Code,  hut 
from  practical  experience  I find  it  impracticable  to  carry  out  said  rule  in  reference 
to  the  emendation  of  names  until  the  question  of  homonyms  is  decide^!. 


^Synonymy,  with  Original  Pl.vce  of  Pphlic-vtion. 


1843:  Agchylostoma  duodenale  Dubini  <Ann.  univer.  di  mod.,  Milano,  y.  106,  aprile, 
pp.  5-13,  pi.  1,  tigs.  1-5;  pi.  2,  ligs.  1-3. 

1845:  Ancylostoma  duodemde  (Dubini)  Ckeplin  <Arcli.  f.  Xaturg.,  Berk,  11.  J.,  v.  1, 
p.  325. 

(1846):  Anchyloftloma  duodemde  (Dubini)  Delle  Ciii.v.ie  <Rendicon.  dell’  .\ccad. 

dellesci.,  Napoli,  v.  5,  p.  339.  [Not  verilie<l.] 

1850:  AnchyloHt(jm(i  duodenale  (Dubini)  Dubini,  Ento/.oogralia  umana,  pp.  10.3-112. 
1851:  AnchyloKtomnui  duodenale'  {Dnhini)  Diesing,  Sy.stema  hehninthum,  v.  2,  p.  .322. 
?(1851) : Strongylua  (yeod/vcfc/ih/hLS  Siebold  <Naturforsch.  Versamml.  /.  (iotha.  [Not 
verifieil.] 

1861:  JJorhiniu.'i  ancliyloHiomum  Molin,  11  sottordine  degli  acrofalli  <^Mem.  r.  1st. 

veil,  di  sc.,  lett.  ed  arti,  Venezia,  v.  9,  ]>j>.  485-487. 

1864:  Sderontoma  duodetude  (Dubini)  Cobbold,  Entozoa,  pp.  361-3(>2,  tig.  77. 

1866:  Strougyliiif  duodemdiii  Schneider,  Monographic  der  Nemat<Mlen,  Berk, 


pp.  139-140,  1 fig.,  pk  9,  fig.  3. 

1866:  Ancylostouium  duodemde  Dubini”  of  White  <[Bost(»n  M.  A S.  J.,  v.  7o  i21  i, 

Dec.  20,  p.  427.  [Misprint  for  duodeutdr.] 

1876:  DodmuuH  duodeiudk  (Dubini)  Eeuckart,  Die  men.<chlichen  I’arasiten,  v.  2 (3), 
pp.  410-460,  figs.  235-239,  241-247,  249. 

1879:  A)ichdodoiua  duodnude  (Dubini)  Bozzoi.o  <( li^servatori',  Torino,  v.  b>  (24  i, 
17  giugno,  i>p.  369-370. 

1881:  Donuius  duodenalls  med.  <h*  la  Suis.'Je  Uoin.,  < Icneve,  v.  1 (3),  1.)  mars, 

p.  190. 

1885:  (urinaria  duodrnalls  (Dubini)  U.mi.lict,  Elements  tic  zook  mctl.  et  agric.,  I ar., 
pp.  357-359,  tigs.  245-24S. 

1897:  .inch ylosla muni  duodenale  (Dubini)  iM<kiil,\u  <[Buffali4  M.  •!.,  v.  36  iS:,  .Mar., 
j)p.  573-579.  [Misjirint  for  Anrhylostomuin  duodemde.^ 

Aukylostoma  duodenale  ami  nkylostom  um  duodenah  ol  various  aiithtirs. 
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Fig.  10. — Dors^al  view  of  anterior  end  of  the  Old 
World  hookworm  {Agchylostonm  duodenale)  of 
man.  Greatly  enlarged.  (After  Perroncito, 
1882,  p.  339,  fig.  140.  i 


Figs.  11-12. — Old  World 
male  and  female 
hookworms  {Agchy- 
lo^toma  duodenale)  of 
man.  Natural  size. 
(After  Stiles,  1902b, 
p.  187.  tigs.  11.1.  116.) 


Fig.  14. — Semidiagrammatic  tigure  of  the  caudal 
bursa  of  an  Old  World  male  hookworm  {Agchylo- 
sto'ina  duodenale)  of  man.  (After  Railliet,  1886.  p. 
3-57,  tig.  247.) 


Fig.  13. — Old  World  fe- 
male hookworm  {Ag- 
chylostoma  duodenale) 
of  man,  greatly  en- 
larged diagram  to 
show  the  anatomy: 
a.,  anus;  h.  c.,  buc- 
cal capsule;  cul.,  cul 
de  sac  of  ovary;  e., 
esophagus;  int.,  intes- 
tine; u.a.  anterior  ut- 
erus; u.  p.,  posterior 
uterus;  v.,  vulva  and 
vagina.  (After Schul- 
thess  [copied  from 
Blanchard,  1888a,  p. 
761.  tig.  374].) 


Habitat. — In  small  intestine  of  man  {Homo  sapiens) ; also  alleged  to  occur  ii 
certain  apes.  Africa,  Europe,  Asia,  Philippines,  introduced  into  America. 
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LIFE  HISTORY  OF  AGCHYLOSTOM A DUODENALE  OR  UNCINARIA 

DUODENALIS. 

The  eggs  (tig.  16)  are  laid  in  the  intestinal  tract  of  the  patient  by 
the  female  worms  and  are  discharged  in  the  feces,  either  unsegmented 

or  during  the  early  stages  of  seg- 
mentation. They  will  not  develop 
into  adult  worms  in  the  intestine, 
but  must  tirst  pass  out  of  the  body. 
Thus,  for  every  adult  hookworm 
present  in  the  bowels  a separate 
germ  must  enter  the  body. 

The  egg  has  a thin  shell,  which  is 
an  indication  of  a simple  life  cycle. 
A short  time  after  escaping  in  the 
feces — the  time  varying  according 
to  temperature,  moisture,  and  posi- 
tion in  the  feces — each  egg  devel- 
ops (tigs.  17-27)  a minute  embryo, 
which  is  known  as  a rhabditiform 
embryo  (tig.  27).  This  name  is  given 
to  it  because  of  its  resemblance  to 
worms  of  the  genus  Bhcchditis.  Characteristic  for  this  stage  is  the 
rhabditiform  esophagus,  which  is  entirely  different  from  the  esophagus 


Fig.  16. — Eggs  of  Old  World  hookworms 
{Agchylostoma  duodenale)  as  found  in  the 
stools.  Greatly  enlarged.  (After  Stiles, 
1902b,  p.  193,  fig.  128.) 


Figs  17-29. — Embryology  of  the  Old  World  hookworm  {Agchylostovia  duodenale)  of  man;  17-23,  seg- 
mentation of  the  egg,  24-26,  the  embryo;  27,  a rhabditiform  embryo  escaping  from  its  eggshell;  28-29, 
empty  eggshells.  Greatly  enlarged.  (After  Perroncito,  1882,  p.  342,  fig.  142.) 

of  the  adult  hookworm.  This  embryonal  esophagus  is  more  or  less 
bottle  shaped,  and  consists  of  three  parts — an  anterior  elongated 
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swollen  portion,  followed  by  a thjn  middle  portion,  the  latter  bnin^^ 
followed  by  more  or  less  globular  esophageal  bulb  whicli  ])osses^(‘s  a 
triradiate  chitinous  armature.  This  kind  of  esophagus  i^common  to 
the  early  stage  of  all  nieml)ers  of  the  family  Strongylida*  and  also  to 
numerous  other  free-liying  or  parasitic*  nematodes.  It  is  eyidently  a 
worm  with  an  esophagus  of  this  sort 
which  was  recently  found  in  the  earth 
taken  from  the  New  York  tunnel  ex- 
cayations,  and  upon  which  was  based 
the  report  that  uncinariasis  was 
present. 

The  embryo  of  the  hookworm  liyes 
in  water  or  moist  ground.  In  its 
eyolution  the  worm  casts  its  skin 
four  times,  thus  passing  through 
Iiye_stag(‘s.  and  changes  its  structure 
so  as  to  assume  more  and  more  the 
characters  of  the  adult.  During 
these  changes  the  sexes  become  dif- 
ferentiated. Some  of  these  changes 
occur  in  water  or  moist  ground,  and 
the  rest  after  infection  takes  place. 

DKCELOPMENT  OUTSIDE  Til?:  HODY. 

Stijmentathnu — The  eggs  deyelop 
best  in  the  unaltered  fecal  mattm-. 
esjx'cially  when  this  is  well  formed: 
not  so  well  when  it  is  more  fluid  in 
character.  The  additu^n  of  water 
retards  the  deyelopment.  and  if  con- 
siderable water  is  added  the  eggs 
perish.  Air  is  necessary  to  deyelo})- 
ment,  and  the  eggs  nearer  the  sur- 
face of  the  feces  segment  more  rap- 
idly than  those  in  the  center.  At  a 
temperature  of  about  27^  C.  the  em- 
l)ryo  may  form  and  esc-apefrom  the 
shell  in  twenty-four  hours.  Lower 
temperatures  retard  deyelopment,  so 
that  at  21^  or  22^  C.  the  eml)ryo  may  not  escape  for  from  thirty-six 
to  forty  hours;  1°  C.  kills  the  eggs  in  twenty-four  to  foi‘ty-(*ight 
hours,  so  that  freezing  weather  may  be  look(*d  upon  as  disinfecting 
areas  exposed  to  the  cold. 

Kinhry<i. — Upon  escaping^  from  the  slndl,  the  embryt>  (tig.  27)  mejis- 


Figs.  30-31. — Two  larva-  of  tin*  oM  WorM 
hookworm  at  tin*  vml  of  llu*  wooihI  stai;o 
(“cneyste<l  larva*  rfprvs«.*nlin>s'  tiu* 
yomiK  worms  n-tnu-tiMl  from  thvir  skin. 
(.\ftcr  IVrroiicilo,  ls*v2,  p.  l js  a-h.  ■ 
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ures  0.3  mm.  in  length;  the  anterior  end  is  blunt,  the  tail  long  and 
pointed;  6 points  ar®  visible  around  the  mouth,  and  these  develop 
later  into  the  papillse;  the  buccal  cavity  is  10  pi  long,  1 A pi  in  diameter, 
and  possesses  a highly  refractive  chitinous  membrane;  the  anus  is  50  pi 
from  the  tip  of  the  tail;  excretory  pore  50  pi  from  anterior  end;  160 
yw  from  anterior  end  is  seen  the  primordium  of  the  genital  system. 

In  this  stage  the  embiyo  takes  food  and  grows.  About  the  second 


Fig.  32. — A young'  hookworm  {Agchylostoma  duodenale)  of  man,  without  buccal  capsule,  four  days 
after  infection:  a,  anus;  c.  g.,  cervical  gland;  g,  primordium  of  genital  organs;  n.  s.,  nervous  sys- 
tem; p.,  papillae  on  head;  p.  e.,  excretory  pore;  p.  in.  c.,  primary  mouth  cavitj".  X about  190  times. 
(After  L00.SS,  1897,  p.  919,  fig.  1.) 

Fig.  33. — Anterior  end  of  a young  hookworm  {Agchylostoma  duodenale)  during  formation  of  pro- 
visional buccal  capsule:  c.  g.,  cervical  gland;  e.  g.  d.,  dorsal  esophageal  gland;  e.  g.  v.,  ventral 
esophageal  gland;  n.  ni.,  new  mouth;  p.,  papillae  on  head;  p.  e.,  excretory  pore;  p.  vi.  c.,  primary 
mouth  cavity.  X 578.  (After  Looss,  1897,  p.  920,  fig  2.) 

Fig.  34. — Head  of  larval  hookworm  {Agchylostoma  duodenale)  before  entering  fourth  stage,  five  or  six 
days  after  infection;  n.  in.,  new  mouth;  p.  c.  in.,  primary  mouth  cavity,  which  extends  through 
the  provisional  buccal  capsule  and  continues  as  lumen  of  the  esophagus.  X 578.  (After  Looss,  1897, 
p.  921,  fig.  3.) 

or  third  day  the  embryo  casts  its  first  skin,  but  does  not  change  its 
organization.  After  about  four  or  five  daj^^s  (at  27°  C.)  it  measures 
480  pi  long  by  30  pi  in  diameter. 

Second  stage. — After  the  fifth  day  the  young  worms  begin  to  show 
signs  of  a second  eedysis,  at  the  same  time  undergoing  certain  othei 
changes.  Three  minute  lips,  each  with  two  very  delicate  papillae, 
appear  under  the  skin  at  the  anterior  end;  the  brightly  refringent  cutic- 


ular  lining*  of  the  buceal  caviU^  and  the  eliitinoiis  teeth  of  the  esopha- 
geal bulb  disappear;  the  esophagus  elongates.  beeoim‘s  thinner,  and  its 
three  divisions  become  less  distinct:  the  tail  l)econi(‘s  sliglitlv  shorter 
and  more  blunt;  the  anus  lies  b()  //  from  the  tip  of  tin*  tail.  d'h(‘  onuin- 


Fig.  35. — Young  hookworm  {Afjcfiylostoiuaduodatalr)  in  fourth  stagu.  witli  iirovisional  lairral  oapsule: 
r.  (/.,  cervical  gland;  f/..  primordiimi  of  genital  orgaii.M;  u.  x.,  nervous  system;  />.  r.,  e.xerelory  |M>ie. 
X 105.  (.\fter  Looss,  IS'JT,  p.  '.fJl.  lig.  1.) 

FtG.  30. — Provisional  hnccal  capsule  (fourth  stage)  of  a larval  h(M>kwonn  \ Affrfii/h/xlnntn  ilioxlt  imit ), 
about  nine  days  after  infection:  y>.  5.  /•.,  priinordinm  <»f  <letiidte  hnccal  capsule.  X ahuiit  fJO.  (.\ fter 
Looss,  iS'JT,  i>.  IfJl,  lig.  5.) 

Fig.  37. — Young  male  hookworm  {Ayrliiftoxtoma  (hiuihnalr),  nine  days  after  infection  a.,  aims;  r.  i/., 
cers’ical  gland;  genital  tract;  p.  5.,  priinordinm  of  hnrsa  ; e.xiTetory  canal ; xp.,  primor 
dinm  of  sj)icnles.  X alxmt  105.  (.\fter  Looss,  1M*7,  p.  022,  tig.  «>.  i 


ism  becomes  more  motih*,  and  contracts  I’l-om  its  outer  skin,  thus  form- 
ing the  stage  (tigs.  /10-I>1 ) which  has  bt'cn  (h‘sci*ilM*d  as  an  **  encystation." 
but  which  in  reality  is  simply  a st'cond  cedysis.  'Phis  is  the  inf(*cting 
stage  of  the  hookwoian.  and  (Mids  the  developimmt  .so  far  as  the  free 
life  is  conceriH'd.  No  mort‘  food  is  taken.  In  some  cases.  howt‘ver, 


the  worm  escapes  from  the  siirroimding'  cast  skin.  While  water  is 
more  or  less  injurious  to  the  egg  and  the  first  stage,  the  infecting 
‘‘encysted"  stage  exists  well  in  this  medium,  and  Looss  (1897)  suc- 
ceeded in  keeping  these  worms  alive  for  thirty  days  in  water.  Upon 
drying  up  the  larva?  die,  so  that  the  view  that  the  worms  exist  in  dust 
and  are  carried  around  in  the  air,  thus  leading  to  infection,  is  not  well 
founded  (see  p.  30). 

DEVELOPMENT  INSIDE  THE  BODY. 

Upon  being  swallowed  these  young  worms  undergo  further  ecdyses, 
changing  their  internal  organization  at  the  same  time.  We  may 
recognize,  with  Looss,  a third  stage,  without  buccal  capsule  (fig.  32); 
a fourth  stage,  with  a provisional  buccal  capsule  (fig.  35);  finally,  a 
fifth  stage,  with  the  definite  buccal  capsule,  corresponding  to  the  adult 
form. 

Third  stage  {vnthoiit  huccal  cajysule^  fig.  32). — During  their  free  life 
the  larva?  mav  attain  0.65  to  0.7  mm.  in  length  bv  25  to  27  \-i  in  diam- 


Figs.  38-39. — DeTelopraeut  of  definite  buccal  capsule  (38,  on  twelfth  day  after  infection;  39,  one 
or  two  days  later):  d.  b.  c.,  definite  buccal  capsule;  e.  g.  d.,  dorsal  esophageal  gland:  m.  m.,  margin 
of  definite  mouth  ; p,  papillse  on  head ; p.  b.  c.  d.,  p.  b.  c.  t\,  dorsal  and  ventral  primordia  of  the 
definite  buccal  capsule  ; p.  t.,  primordium  of  ventral  tooth  ; t.,  ventral  tooth  ; the  new  cuticle  can 
be  distinguished  under  the  old.  X 190.  (After  Looss,  1897,  p.  923,  figs.  7-8.) 

eter  (at  the  end  of  the  esophagus).  The  esophagus  is  160  /.i  long,  and 
its  three  divisions  mav  still  be  distinguished.  The  intestine  is  com- 
posed  of  about  15  rows  of  two  cells  each. 

^ Fifteen  hours  after  infection  of  dogs  the  worms  have  passed  below 
the  stomach.  They  now  begin  to  feed,  but  their  growth  is  compara- 
tively slow.  After  about  five  days  they  begin  to  show  signs  of  a 
third  ecdvsis,  which  continues  until  about  the  seventh  day.  During 
this  period  important  changes  take  place,  especially  at  the  anterior 
end,  and  result  in  the  formation  of  the  provisional  buccal  capsule. 

Fourth  stage  {irith  jyrovisional  huccal  capsule^  fig.  35). — This  is 
the  fourth  larval  stage,  namely,  the  stage  after  the  third  ecdysis.  The 
worms  have  not  increased  notably  in  length,  but  certain  organs  are 
advanced  in  development,  and  the  esophagus  no  longer  shows  its  for- 
mer three  divisions.  The  worms  measure  about  0.66  mm.  long  by  25  p 
in  diameter,  the  latter  being  nearly  uniform  for  a greater  part  of  the 


length  (tig-.  Hio  ])r()visioiml  ])ucc-al  ca])Mil(‘  attains  4o  //  in  diam- 

eter, and  the  mouth  is  l)ont  slightly  dorsad.  Two  pairs  of  t(‘ofh  are 
visible  at  the  base  of  the  capsule— one  pair  sitiiat(‘d  dorsallv.  the  other 
ventrally.  During- this  stage  the  animal  incnaises  in  length  and  thick- 


Figs.  40-41. — Male  and  female  hookworms  {Agchylot^foiiKi  iltindi  unh  i during;  llif  fourth  rastiiiK  of  .sk.n 
14  to  !.'>  days  after  infection:  aims;  r.  g.,  cervical  j,d«nd:  r.  o.  r.,  cuticle  of  old  esophagus;  r. 

cast  skin;  d.  h.  c.,  ilcfinite  hticcal  capsule;  g.,  ftenital  orpins;  1.  g.,  larKO  piUKlion,  supplyiiu;  the 
rays  of  the  bursa;  m.  a.,  anal  muscle;  ?/.  c.  gl.,  ntmleus  of  cervical  Khind.  ;»  r.,  c.xcretory  pore 
]).  b.  c.,  provisional  buccal  capsule;  r.  m.  ttg.,  retractor  museks  of  spicules;  s//.,  spicules;  r.,  vulva. 
X 42.  (After  Looss,  1807,  p.  024,  fi^s.  0-10.) 

ne.ss,  the  inner  organs  becom(‘  hetttu-  dendopt'd.  the  sexes  become 
differentiated,  and  the  detinitt'  huceal  eapsuh*  forms  at  Iht'  anterioi 
end.  With  these  changes  the  parasite  jirepares  for  its  last  -namely 
a fourth — eedysis,  v>diich  occurs  about  fourteen  to  liftt'en  tlays  afle‘ 
infection. 
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Fifth  stage  {vnth  definite  huccal  capside). — The  worm  is  now  about 
1.9  (male)  to  2 mm.  (female)  long,  12  to  14  p in  diameter — veiy  much 
smaller  than  the  adult  forms.  It  is  estimated  that  the  parasites 
require  about  four  to  hve  or  six  weeks  from  the  time  of  infection  to 
become  mature. 

SOURCE  OF  INFECTION  OF  UNCINARIASIS. 

The  worms  may  be  swallowed  in  contaminated  food  or  in  drinking 
water  during  or  after  the  second  ecdysis.  Persons  handling  dirt  are 
especially  apt  to  get  the  microscopic  worms  on  their  hands,  and  it  is 
an  easy  matter  to  transfer  them  to  the  mouth,  either  directl}^  b}^  biting 
the  linger  nails  or  sucking  the  lingers,  or  indirectly  with  food.  In 
prevention , therefore,  careful  personal  habits  and  pure  drinking  water 
are  indicated. 

Some  writers  state  that  the  young  stages  are  scattered  in  the  air  by 
the  wind  and  in  a dry  state,  the  inference  being  that  they  may  then 
be  breathed  in  or  may  contaminate  food.  While  not  caring  to  go  to 
the  extreme  of  stating  that  such  a method  of  dissemination  or  infection 
is  impossible,  my  own  observations  on  this  class  of  parasites  do  not 
lead  me  to  attach  any  importance  to  aerial  infection.  As  a rule, 
drying-out  results  in  a high  mortality  among  nematode  larvae,  embryos, 
and  eggs,  while  moisture,  on  the  other  hand,  is  necessary  for  their 
existence.  Now,  uncinariasis  is  not  so  common  as  to  fill  the  air  with 
dried  larvae,  and  the  chances  of  inhaling  the  latter  appear  to  be  almost 
infinitesimally  small.  Since  the  worms  do  not  increase  in  number  in 
the  intestinal  tract,  we  should  therefore  expect  (in  case  aerial  infection 
were  common)  to  find  rather  few  cases  of  severe  infection,  but  a more 
or  less  uniform  light  infection  of  nearly  all  persons  or  animals  inhabit- 
ing an  infected  area,  since  all  are  breathing  the  same  air.  Further,  as 
adults  breathe  more  air  than  children  we  should  expect  the  former  to 
present  the  cases  of  heaviest  infection.  We  should  also  expect  to  find 
the  disease  more  general  in  dry  years  than  in  wet  seasons.  Such,  how- 
ever, does  not  appear  to  be  the  case.  Cases  of  infection  vary  greatly 
in  intensit}",  and  the  losses  from  nematode  diseases  in  sheep  are  much 
less  in  dry  years  and  in  diy  localities  than  in  wet  seasons.  As  a 
matter  of  fact,  few  factors  can  be  conceived  of  which  would  probably 
result  in  killing  more  germs  of  the  disease  than  would  dry  winds. 

In  preventing  uncinariasis  and  nematode  diseases  in  general  among 
live  stock,  S3^stematic  draining  and  burning  of  pastures  are  strongly 
advocated. 

Looss  (1898,  1901)  recentl^^  suggested  that  the  larvae  may  enter  the 
human  body  by  way  of  the  skin  and  then  pass  through  the  body  to 
the  intestine.  Startling  as  this  view  is,  Looss  (see  Sandwith,  1902) 
has  recently  demonstrated  the  correctness  of  it.  (See  p.  59.) 


BRIEF  REVIEW  OF  FM  IN  VRIASIS. 


Uncinariasis  is  i)v  no  means  a new  dise<ise.  AccordiiiL'’  to  Sandwith 
(1894),  a medical  papyrus,  written  about  three  thousand  four  hundred 
and  fift\"  years  ago,  embraced  in  an  encyclopialic  form  the  knowledge 
at  that  time  of  Egyptian  t(‘achers.  This  oldest  of  all  books  among 
medical  works  (Eber's  pap^u-us)  came  into  the  hands  of  Professor 
Ebers  at  Thebes,  in  1873,  and  has  recently  been  translated  into  ( rennan. 
Dr.  Joachim  (189o)  and  Scheuthauer  (1881)  agree  that  ammiia,  due  to 
hookworms  {Aychylostoma  duodemdc)^  was  well  known  to  physicians 
of  those  days  under  the  name  of  ‘’AAA"  and  “ IT  I A."  The  pa])vrus 
describes  accurately  among  the  symptoms,  **  heart  weakness,  palpita- 
tion, stiibbing  cardiac  pains,  constipation,  edema  of  the  legs,  a weight 
in  the  body  pressing  heavily,  and  other  digestive  troubles."  It  further 
prescribes  a remedy  for  a patient  who  has  in  his  body  worms,  which 
are  produced  by  the  *' AAA”  disease,  and  possibly  it  is  the  hookworms 
which  are  referred  to. 

Within  modern  times  this  special  form  of  anemia  was  di^scribed  in 
Brazil  by  Piso  in  1048;  Labat  (lT4;i  or  1748)  observed  it  in  (uiadeloupe, 
Chevalier  (175;^)  in  St.  Domingo,  Dazille  and  Bason  (1770))  in  the 
Antilles,  and  Edwards  (1790  or  1798)  in  Jamaica.  In  Europt*,  the 
disease  was  first  noted  among  the  miners  of  Anzin  in  1802. 

Not  until  1848  was  the  parasite  {Aychyhmtoina  dundeiudc)  described, 
when  Dubini  of  ]Milan  pul)lished  an  account  of  it.  Later  it  was  rei)orted 
from  Egypt,  Germany,  France,  India,  Ceylon.  Japan,  Australia,  and 
elsewhere,  and  to  it  was  attributed  a certain  widespn^ad  anemia  of 
brickmakers,  tunnelers  (St.  Gothard  tunnel  anemia),  and  miners. 

Zinn  and  Jacolw  (1898),  who  have  com])iled  404  bibliographic  nTer- 
ences  to  the  disease,  give  two  charts  showing  its  distril)ution  at  the 
time  their  paper  was  published. 

In  studying  the  ma})s,  it  will  be  widl  to  recall  that  at  the  time  they 
were  prinU'd  nothing  was  known  regarding  the  relations  of  uncinari- 
asis to  the  soil  (see  p.  47),  hence,  the  areas  which  are  given  as  infected 
are  probably  much  greater  than  the  actual  extent  of  tin*  infested  terri- 
tory; further,  the  imqis  would  indicate  that  they  have  i’egist(*n'd  tlu‘ 
places  in  which  hookworm  disease  has  been  diagnosed,  and  not  neces- 
sarily the  areas  in  which  hookworm  infection  occurs. 

In  connection  with  their  referencivs  to  the  United  Stati's,  tlu*v  simply 
mention  Georgia,  Alabama,  and  Louisiana,  saying  that  there  is  little 
to  report  upon  this  subject  for  these  localities. 
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BRIEF  REVIEW  OF  UNCINARIASIS  IN  THE  UNITED  STATES. 

In  order  to  understand  the  American  publications  on  this  disease,  it 
must  be  stated  that  much  of  the  so-called  ‘‘dirt-eating,’-  “pica,” 
“cachexia  africana,”  antebellum  “negro  consumption,”  “mal  d’esto- 
mac,”  “malnutrition,”  and  “malarial  anemia,”  described  for  the 
Southern  Atlantic  States,  is  in  realit}^  due  to  uncinariasis. 

The  earliest  reference  which  seems  quite  positively  to  refer  to  this 
disease  in  this  country,  so  far  as  I have  yet  found,  is  an  article  b}^ 
Dr.  Pitt  (1808,  pp.  310-341),  who  sa}^s  that  along  the  Roanoke  River, 
North  Carolina,  malacia  or  dirt-eating  “prevails  mostly  among  the 
poor  white  people  and  neg'roes,  and  originates,  in  my  opinion,  from 
a deficiency  of  nourishment.”  Chabert’s  (1821)  description  of  the  con- 
ditions of  the  slaves  of  Louisiana,  which  he  attributed  to  dirt-eating, 
Jordan’s  (1832,  of  Person  Count}^,  N.  C.)  account  of  “cachexia 
africana,  or  negro  consumption,”  Cotting’s  (1836)  account  of  the  dirt- 
eating in  Richmond  County,  Ga.,  Little’s  (1845)  description  of  the 
dirt-eaters  of  Florida,  Le  Conte’s  (1845)  account  of  the  dirt-eating  in 
the  pine  barrens  of  Georgia,  Duncan’s  (1850)  record  of  dirt-eaters  in 
St.  Mary’s  Parish,  La.,  all  appl}"  so  well  to  the  uncinariasis  I studied  : 
in  some  of  the  same  States  that  I have  no  hesitation  in  assuminp-  that  i 
man}^  if  not  all,  of  the  cases  were  due  to  infection  with  Uncinaria.  j 
Lethermann  (Florida),  Lyell  (Georgia  and  Alabama),  and  Heusinger  i 
and  Geddings  (South  Carolina)  are  said  to  have  published  on  similar  \ 
conditions  in  the  South,  but  not  being  able  to  trace  their  articles,  I | 
am  unfortunately  unable  to  give  them  full  credit  for  whatever  views 
they  may  have  advanced.  j 

Blickhahn  (1893a)  seems  to  have  been  the  first  ph}"sician  to  recognize 
as  such  and  to  publish  a case  of  uncinariasis  for  this  country.  The 
patient  was  a German  brickmaker  who  had  been  in  the  United  States 
seventeen  months,  and  Blickhahn  believes  the  infection  took  place  in  i 
Germany.  It  is  true  that  Hertf  (1894)  records  a case  of  supposed  i 
uncinariasis  observed  in  Texas  in  1864,  and  Allen  J.  Smith  (published  | 
by  Schaefer,  1901)  found  Uncinaria  eggs  in  feces  of  man  in  Texas  in 
1893,  but  these  publications  are  antedated  by  Blickhahn’s  article;  i 
hence  Blickhahn  has  prioriG"  of  discovery.  It  is,  however,  interesting  j 
to  note  that  Blickhahn’s  case,  being  in  a German,  was  probably  caused  by  | 
the  Old  World  parasite,  Agchylostorna  duodenale^  while  the  cases  of  1 
Herff  and  Allen  J.  Smith  were  in  all  probability  the  first  endemic  cases  I 
recognized.  Herft’  did  not  appear  altogether  certain  regarding  his  | 
diagnosis,  but  his  short  account  of  the  worm  indicates  that  the  inter- 
pretation is  correct.  ' 

^ ^ ^ ^ ^ TU : — 

In  all  zoologic  matters  neither  priority  of  observation  nor  priority  of  presentation 
before  a scientific  society  avails  to  give  priority  of  discovery.  By  international  ; 
agreement,  and  by  custom  extending  back  a century  and  a half,  zoologists  recognize  i 
only  actual  publication  as  governing  a question  of  this  sort.  I 
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Mcehlau  (1S96)  reported  live  cases  for  Butfalo,  N.  Y..  which  were 
supposed  to  be  due  to  the  OldWorld  pavasitv  {A(/c/t  t/Io.sff/wa  dundenah). 
Gray  (1901)  recorded  two  cases  for  Kichiuond,  Va.,  contracted  else- 
where in  the  same  State,  which  lie  states  positively  (})ersonal  conver- 
sation) were  due  to  A<itdujloxtoma  dnodmale^  and  'Fehaidt  (1899) 
recorded  a case  of  uncinariasis  in  a boy  of  Cierman  descent  in  New 
Orleans. 

To  one  of  my  former  pupils,  Dr.  Bailey  K.  Ashford  (lltoo),  of  the 
U.  S.  Army,  is  unqiiestionablv  due  the  credit  of  havin^r  first  seriously 
directed  the  attention  of  American  physicians  and  zoologists  to  this 
disease."  Ashford  in  fact  found  this  malady  very  common  in  Porto 
Rico,  and  although  he  erroneously  considered  the  parasite  to  be  iden- 
tical with  the  Old  World  species,  his  clinical  observations  placed  the 
American  medical  profession  on  its  guard  for  cases  which  might  occur 
in  returning  American  ■ roops. 

In  1901  there  was  a sudden  increase  in  American  observations. 
Dyer  (March  15,  1901)  reported  a case  for  St.  Louis.  Schaefer  (May, 
1901)  was  reported  in  the  proceedings  of  the  Texas  ^ledical  Associa- 
tion (Texas  Medical  News,  Ma}',  1901)  as  presenting  a pa})er  on  a new 
form  of  intestinal  parasite  in  Texas.  The  case  in  ([uestion  was  uncina- 
riasis, probal)ly  due  to  TAncinana  amerdana,  but  was  not  published  as 
uncinariasis  until  October  :26,  1901. 

Clay  tor's  (June,  1901)  case  is,  so  far  as  1 am  aware,  the  first  pub- 
lished American  case  which  can  be  recognized  as  unquestionably  due 
to  Urtrinuria  (tmericana^  although  at  least  some  (and  probably  most,  if 
not  all)  of  Ashford's  cases  were  caused  l)v  this  species.  Clay  tor's  case 
was  originally  published  as  an  infection  with  the  Old  World  species. 
AticJnjJostornd  dimlcnaJeA^^n  error  for  which  the  responsibility  rests 
upon  me,  not  upon  Dr.  Cla^  tor;  the  large-sized  egg  found  should  have 
j)laced  me  more  on  my  guard). 

Allyn  and  Behrend  (July  13,  1901)  recorded  an  imported  case  in  an 
Italian  boy  in  Philadelphia,  due  apparently  to  Aijchijl Optoma  dnod<  u(dt\ 
and  at  the  same  time  mentioned  three  unpublished  cases  diagnosed  hy 
Dr.  L.  Napoleon  Boston,  two  in  1900  and  one  in  19(H.  All  three  cases 
came  from  Porto  Rico,  so  that  they  were  ])robably  due  to  Cncinariu 
nmerinnut. 


«It  is  true,  as  has  l>een  state<l,  that  for  some  years  prior  to  .Vshfonl’s  jmhlication 
I had  repeate<lly  insisted  upon  the  probability  of  the  frnpient  oeeiirrt*ru*e  of  tliis 
disease  in  the  United  States,  havinj;  disensse<l  the  siil)jt*et  in  my  lectures  on  nunlical 
zoolojry  in  the  j>ost-^ra<luate  medical  school  of  the  U.  S.  .\rmy,  an<l  in  the  me<lical 
classes  of  Johns  Hopkins  University  and  of  tii*orgeto\vn  University  (the  latter,  the 
alma  mater  of  Dr.  Ashford),  as  well  as  in  various  me<lical  meetinjjs;  hut  so  far  as  I 
am  aware,  my  views  were  not  printe<l  until  July,  ItXtl,  so  that  Ashford’s  printiMl 
statements  antedate  mine  hy  more  than  a year.  Furthermore,  his  |>aiH'r  was  a 
practical  demonstration,  while  my  views  were  theoretical  deductions. 
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in  a paper  (July,  1901)  written  for  the  Texas  Medical  News  1 
expressed  very  positive  views  to  the  effect  that  uncinariasis  in  man 
must  be  more  or  less  widespread  in  the  United  States,  and  I discussed 
the  disease  in  general.  The  position  taken  was  based  upon  general 
zoologic  principles,  and,  so  far  as  1 am  aware,  was  the  first  printed 
definite  claim  regarding  the  frequency  or  probable  frequency  of  the 
malady,  in  the  United  States. 

Schaefer  (October  26,  1901)  next  published  a case  for  Galveston, 
Tex.,  probably  infected  in  Mexico,  and  made  the  very  important 
statement  that  Allen  J.  Smith  had  found  one  case  in  Galveston  in 
1893,  and  since  then  that  he  had  encountered  two  [afterwards  six  addi- 
tional] cases  among  some  80-odd  medical  students  of  the  University 
of  Texas. 

The  importance  of  this  discoveiy  by  Allen  J.  Smith  should  not  be 
underestimated.  To  the  clinician  it  did  not  mean  very  much,  since 
no  record  existed  that  the  students  exhibited  ati}^  very  severe  s}mip- 
toms.  To  the  zoologist,  however,  it  meant  a practical  demonstration 
that  uncinariasis  was  more  or  less  common  in  the  South.  Here  were 
3 [9]  students  in  a cit}^  (Galveston);  the  chances  that  the  infection  took 
place  in  Galveston  did  not  seem  veiy  great;  as  the  students  came  from 
different  places  (according  to  personal  information),  the  infection  must 
be  more  or  less  widespread;  and  since  light  cases  occurred  among 
medical  students,  heavier  infections  must  naturally  occur  among  per- 
sons who  come  more  regularly  in  contact  with  the  dirt.  Allen  J. 
Smith’s  observations,  the  importance  of  which  has  not  yet  been  duly 
recognized  by  medical  journals  or  by  his  colleagues,  led  to  some  cor- 
respondence between  himself  and  me,  and  he  very  kindly  forwarded 
specimens  from  one  of  his  cases.  In  some  respects  these  parasites 
resembled  Vncinaria  stenocepliala  of  the  dog,  and  both  Allen  J.  Smith 
and  I were  fully  agreed  that  they  were  not  identical  with  Agchylo- 
stoma  duodenale.  I obtained  specimens  from  Claytor’s  case  and  also 
some  material  which  Ashford  had  sent  from  Porto  Pico  to  the  U.  S. 
Army  Medical  Museum.  All  three  lots  of  worms  agreed  with  each 
other,  and  differed  from  TJncinaria  stenocepliala^  which  I had  obtained 
from  Europe,  as  well  as  from  JJ,  trigonocephala^  from  sheep,  U. 
radiata  from  cattle,  Z7.  Lucasi  from  the  Alaskan  seal,  and  from  every 
other  species  of  TJncinaria  of  which  1 could  obtain  either  specimens 
or  description.  Accordingly,  I described  (May  10,  1902)  these  worms 
as  a new  species,  naming  it  Uncinaria  arnericana. 

Having  now  an  endemic  species,  with  specimens  in  my  possession 
for  Washington,  D.  C.  (patient  came  from  Virginia),  Porto  Pico 
(Ashford’s  material),  Cuba  (specimens  sent  by  Guiteras),  and  Galves- 
ton (Allen  J.  Smith’s  material),  I did  not  hesitate  to  state  positively^  in 


U.  cernua  (Creplin,  1829).  See  Stiles,  1902b,  p.  189. 
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a paper  published  in  the  Eighteenth  Annual  Report  of  the  Bui’eau  of 
Animal  Industry,  and  issued  on  September  25, 11^02,  that  we  must  have 
in  the  United  States  an  endemic  uncinariasis  which  had  been  generally 
overlooked. 

Prior  to  the  appearance  of  the  paper  in  question,  Claude  Smith,  of 
Atlanta,  Ga.  (June,  1902),  had  presented  a case  of  uncinariasis  before 
the  American  ^ledical  Association  (see  below,  p.  lo3),  the  parasite 
afterwards  proving  to  belong  to  the  species  Uncharia  amei'ianta. 

H.  F.  Harris  (JuU  19,  1902),  also  published  a case  of  uncinariasis 
(see  below,  p.  103)  for  Georgia.  In  reply  to  a letter  from'  me,  he  stated 
(August  9)  that  he  had  found  other  cases  also,  and  that  he  was  “abso- 
lutely sure  this  disease  is  very  common  in  this  [Porter  Springs] 
locality.” 

Upon  my  transfer  from  the  United  States  Bureau  of  Animal 
Industry  to  the  United  States  Public  Health  and  Marine-Hospital 
Service,  I decided  upon  an  early  study  of  uncinariasis  in  man,  to 
determine  its  frequency  and  geographic  distribution  in  the  Southern 
States.  A preliminaiy  report  (Stiles,  lt)02c,  October  24)  was  pub- 
lished, giving  my  results  for  Virginia,  North  Carolina,  and  part  of 
South  Carolina.  This  report  reads  as  follow^s: 

[Reports  to  the  Surgeon-General  Public  Health  and  Marine-Hospital  Service.] 

HOOKWORM  DI.SEASE  IN  THE  SOUTH — FREtiUENCY  OF  INFECTION  RY  THE  I'AR.VSITE 
(UNCINARIA  AMERICANA)  IN  RURAL  DISTRICTS. 

(Preliininarv  report  liy  Dr.  Ch.  Wardell  Stiles,  cliief  of  Division  of  Zoolojzy,  Unite<l 
States  Public  Health  and  Marine-Hospital  Service,  detailed  for  this  investijration. ) 

Kershaw,  S.  C.,  Octoher  22,  1902. 

Sir:  Through  the  director  of  the  Hygienic  Laboratory,  I have  the  honor  to  submit 
a brief  preliminary  report  in  regard  to  the  freipiency  and  geographic  distribution  of 
hookworm  disease  (uncinariasis)  in  the  Southern  States. 

Meeting  the  disease  in  the  Virgilina  copper-mine  district  of  southern  Virginia  and 
northern  North  Carolina,  I have  thus  far  traced  it  through  the  coal-mine  district  of 
Cumnock,  N.  C.,  the  brickyards  of  Camden,  S.  C.,  and  the  granite-.siind  ilistrict  of 
Lancaster  and  Kershaw  counties,  S.  C. 

The  present  indications  are  that  it  is  more  ])revalent  in  samly  rc'gions  than  in  clay 
or  stone  districts.  On  the  farms  and  ])lantations  of  the  sand  region  of  the  two 
counties  just  mentioned,  it  appears  to  be  the  most  common  di.'iease  of  man,  and  from 
an  economic  point  of  view  it  appears  to  be  of  great  importance.  The  extreme  cases 
seem  to  occur  more  commonly  among  children  and  women  than  among  adult  males 
over  25,  but  the  present  facts  at  my  dispo.sid  do  not  indicate  that  the  malady  is  quite 
so  fatal  as  the  European  form  of  the  disea.se  caused  by  rnciiuiria  dnodninllft.  All  of 
the  cases  thus  far  examined  are  due  t<i  l^ncuuiria  amerinma,  demonstrating  clearly 
that  this  is  an  endemic  infection  and  h»tiilly  indeixuident  of  the  cases  which  have 
been  introduced  from  Euroiie,  Asia,  and  northern  Africa. 

In  general,  it  may  lie  said  that  the  “ i)ale  skin,”  the  “heart  «li.'X*a‘*t*,”  the 
“diarrhea,”  the  “bloat,”  and  the  .‘suppression  of  men.‘^*s  which  1 have  thus  far 
examined  all  represented  various  stages  of  heavy  infections  with  r'nriunrin  nwerlrawt, 
and  it  is  impossible  to  escape  the  conclusion  that  so  far  as  the  farms  ami  plantations 
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are  concerned  a radical  change  in  the  general  therapeutics  practiced  in  the  localities 
in  question  is  urgently  indicated. 

As  for  the  economic  side  of  the  problem,  it  should  be  recalled  that  the  disease  in 
question  is  resulting  in  loss  of  wages,  loss  in  productiveness  of  the  farms,  loss  in 
the  school  attendance  of  the  children,  extra  expenses  for  drugs  and  for  physicians’ 
services,  etc. 

The  heavy  and  frequent  infections  found  are  amply  explained  by  the  almost  total 
absence  of  privies  and  closets  on  the  farms  visited.  Defecation  occurs  at  almost  any 
place  within  a radius  of  50  meters  from  the  house  or  hut,  and  as  a result  the  prem- 
ises become  heavily  infested  with  the  embryos. 

The  disease  as  thus  far  traced  is  primarily  a “poor  man’s”  malady,  and  in  fre- 
quency it  far  exceeds  even  the  most  extreme  limit  which  theoretical  deductions 
seemed  to  justify  before  commencing  the  field  work.  There  is,  in  fact,  not  the 
slightest  room  for  doubt  that  uncinariasis  is  one  of  the  most  important  and  most 
common  diseases  of  this  part  of  the  South,  especially  on  farms  and  plantations  in 
sandy  districts,  and  indications  are  not  entirely  lacking  that  much  of  the  trouble 
popularly  attributed  to  “dirt-eating,”  “resin-chewing,”  and  even  some  of  the  pro- 
verbial laziness  of  the  poorer  classes  of  the  white  population  are  in  reality  various 
manifestations  of  uncinariasis. 

The  infection  among  the  miners,  so  far  as  discovered,  is  less  severe  and  less  com- 
mon than  the  infection  on  the  farms  and  plantations  of  the  sandy  districts. 

Respectfully, 


Ch.  Waedell  Stiles,  Ph.  D., 

Chief  of  Division  of  Zoology. 


On  November  15,  Dr.  H.  F.  Harris,  of  Atlanta,  Ga.,  published  an 
important  notice  regarding  uncinariasis  in  the  South.  After  refer- 
ring to  his  first  case  (see  above,  p.  35),  he  says: 

“The  discovery  of  a distinct  American  species  of  the  hookworm  is  very  important, 
as  it  leads  to  the  inference  that  the  aborigines  of  this  country  were  infested  with  this 
parasite,  and  that  the  worm  is  probably  present  in  all  parts  of  the  United  States 
where  the  conditions  are  suitable  for  its  development. 

“My  observations  during  the  last  six  months  bear  out  this  assumption  in  a most 
striking  manner.  A few  weeks  after  my  first  case  of  the  disease  was  seen,  a second 
one  was  encountered  that  originated  in  middle  Georgia,  but  though  I was  constantly 
on  the  search  for  it  no  other  case  was  found  among  the  numerous  patients  that  come 
to  the  clinics  of  the  Atlanta  College  of  Physicians.  In  June  of  the  present  year  I 
made  a trip  to  north  Georgia,  a region  that  has  long  been  noted  as  one  in  which  the 
inhabitants  are  very  pale  and  anaemic,  this  condition  being  commonly  reputed  to  be 
the  result  of  dirt  eating.  Here  I saw  many  instances  of  what  was  in  all  probability 
ankylostomiasis;  but  as  a result  of  the  ignorance  of  the  people  and  their  suspicion  of 
all  strangers  a proper  examination  could  be  obtained  in  only  four  cases,  in  all  of 
which  the  parasite  was  demonstrated.  Subsequently  a case  of  the  disease  was  seen 
that  originated  in  middle  Alabama.  During  September  and  October  I have  been 
studying  malaria  in  south  Georgia  and  Florida,  a region  in  which  the  people  show 
profound  anaemia  even  more  often  than  in  north  Georgia.  This  condition  is  com- 
monly ascribed  to  malaria,  but  my  observations  show  that  in  almost  all  instances  the 
sufferers  have  no  malarial  parasites  in  their  blood,  but  eggs  of  the  ankylostoma  are 
constantly  found  in  the  feces.  During  my  entire  stay  in  this  region  I only  saw  one 
case  of  profound  anaemia  from  malaria,  and  in  this  instance  the  patient  did  not  exhibit 
the  extraordinary  anaemia  so  commonly  found  in  those  infected  with  the  ankylostoma. 
I feel  no  hesitation  in  saying  that  time  will  show  that  by  far  the  greater  number  of 
cases  of  anaemia  in  Georgia,  Alabama,  and  Florida  are  due  not  to  malaria  but  to 
the  ankylostoma,  and  that  this  is  Ihe  most  common  of  all  the  serious  diseases  in  this 
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region.  There  can  he  no  reasonable  doubt  that  what  is  true  a.s  n*gar<ls  tlie  States 
named  likewise  holds  good  for  the  entire  South.  Since  my  first  ca.-^e  was  reported 
13  other  instances  of  the  disease  have  been  seen — 11  originating  in  this  State,  an<l 
1 each  in  Florida  and  Alabama;  and  if  all  of  those  encountered  who  were  suffering 
from  amemia  could  have  been  examined  there  can  be  no  doubt  that  the  numlier 
would  be  many  fold  greater. 

“This  communication  is  written  in  the  hope  that  Southern  physicians  will  take  up 
this  most  important  matter  at  once,  for  in  no  other  serious  disease  «loes  the  victim 
suffer  so  long,  in  no  other  condition  is  he  for  such  a period  a menace  to  those  about 
him,  and  in  no  other  malady  of  such  gravity  is  the  treatment  so  niiiidly  ami  surely 
successful.” 

ITINEliiKY  OF  TRIP  THROKIH  THE  SOI  THERN  ATEANTK  STATES. 

DISTRICT  OF  COLUMBIA. 

In  September,  1902,  with  the  aid  of  three  assistant.s  (Messrs.  P.  E. 
Garrison,  B.  11.  Kansom,  and  E.  C.  Stevenson)  1 lie^an  a systematic 
study  of  animal  parasites  among^  the  patients  of  Government  Hospital 
for  the  Insane,  District  of  Columbia.  From  Se])tembcr  lu  to  Decem- 
ber 12,  1902,  the  stools  of  500  male^'  jiatients  were  examined  micro- 
scopically and  15  patients,  or  3 per  cent,  were  found  to  be  infected 
with  hookworms.  The  history  has  not  yet  been  examined  foj-  each 
case,  but  probably  most  of  the  patients  l)ecame  infected  in  Cuba, 
Porto  Kico,  or  the  Philippines. 


VIRGINIA. 


Riclnnoiul  and  State  farm. — Starting  on  1113"  held  work,  mv  hrst 
stop  (September  25)  was  Richmond,  Va.  Through  the  courte.sv  and 
cooperation  of  Dr.  Charles  V.  Carrinf^ton  I was  able  to  examine  at 
the  State  penitentiaiy  and  the  State  farm  nearlv  l,2oo  convicts.  Tiie 
pri.soners  hied  past  Dr.  Carrington  and  mvself  in  single  hie,  and  we 
selected  those  who  appeared  anemic  or  debilitated.  Those  selected 
were  sent  to  the  hospital  and  kept  there  until  sj)ecimens  of  feces  were 
obtained.  In  microscopic  examination  of  h white  male  convicts  no 
case  of  uncinariasis  was  found.  The  onlv  zooparasitic  ca.‘<e  noticed 
was  an  exceeding!}"  heavy"  infection  with  whipworms  [Tradtarix 
trlchiura)  in  a man  about  To  }"ears  old. 

In  22  male  negroes  the  examination  was  likewise  negative*  so  fai*  as 
Uncinaria  Avas  concerned,  but  one  case  of  infe*ction  ot  et*l worms 
(yl.s'CYD’/.s'  hnnhricoidex)  was  found.  In  several  of  the  convicts  starch 
digestion  or  meat  digestion  was  poor,  but  in  most  instances  the  debili- 


tated condition  was  due  to  tulx'rculosis  or  other  diseases. 

At  the  almshouse*  in  Kichme)nel  1 white*  fe*male*  2S  ve'ars  e>f  age  gave 
negative  results;  a weak-mindeel  girl  e>f  7 ye*ars  showed  a he*avv 
infectie)!!  with  whip  worms  (7/*/c7d/ /‘Ay  trlc/dura).  In  twe> •negre)e*s  (1 
male,  2S  vears;  1 female,  30  years)  the  e*xami nation  was  negative. 


"In  350  female  patient.^  examined  to  March  1, 
infeedioii  has  been  found. 


UH)3,  only  one  nU'H*  of  luMikxsorm 
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It  proved  to  be  so  difficult  to  obtain  specimens  of  feces  from  the 
brickyards  that  no  microscopic  examinations  were  made.  Xo  clew 
was  obtained  to  anv  disease  amono-  the  workers  which  could  be  inter- 
preted  as  probable  uncinariasis. 

Besides  Dr.  Carrington.  I am  indebted  to  Dr.  Staton  also  for 
cooperation  in  my  work  at  Richmond. 

XOKTH  CAROLIXA. 

Yirgilina  Coj)j)er  2Rne  district,  southern  Yircjinia  and  nerrthern 
JYorth  Carolina. — Proceeding  to  the  Yirgilina  copper  mine  district  I 
found  it  very  difficult  at  first  to  obtain  specimens  for  examination. 

At  one  mine  1 white  male  and  3 negro  males  were  examined;  all  were 
negative  except  1 negro  22  years  old,  who  showed  infection  with 
Asca/ris  lurrdjricoides.  At  this  mine  defecation  under  ground  is  pro- 
hibited; it  occurs  in  the  surrounding  woods,  at  any  place  within  a 
radius  of  about  50  meters  from  the  shaft. 

At  a second  mine  three  specimens  of  feces  were  taken  at  random 
from  the  woods:  eggs  of  Uncinaria  arnericana  were  found  in  one 
specimen,  and  ova  of  Ascaris  lundrricoides  in  a second.  The  patients 
could  not  be  traced.  Specimens  were  then  obtained  from  d white  and 
18  negro  miners,  the  feces  being  taken  without  reference  to  the  | 

physical  condition  of  the  men.  Of  these  22  men,  1 negro  25  years  | 

old  showed  a light  infection  with  Uncinarki  arnericana,  and  incpiiry  | 
developed  the  fact  that  he  "had  not  been  well  for  some  time."  His 
chief  complaint  had  been  ‘Aliarrhea."  In  two  other  cases,  a wffiite 
man  dl  years  old  and  a negro  3d  years  old.  eggs  of  the  eelworm  {Asca- 
ris hirnbricoides)  were  found.  At  this  mine  defecation  under  ground 
is  prohibited,  and  a box  privy  is  located  within  about  50  meters  of 
the  shaft.  The  men  prefer,  however,  to  defecate  in  the  surrounding 
woods. 

I am  indebted  to  Drs.  P.  D.  Drewry  and  P.  P.  Causey,  and  to  Mr. 

L.  X.  White,  manager  of  the  Person  Consolidated  Copper  and  Gold 
iNIines  Company  at  Durgy,  X.  C.,  for  their  kind  cooperation  in  con- 
nection with  mv  work  in  Yirgilina  and  vicinity. 

CurnnocTi  Coal  Fines.  Chatham  County. — The  miners  at  this  place 
were  so  suspicious  regarding  my  work  that  it  was  almost  impossible 
to  obtain  specimens  for  examination.  In  fact  only  two  specimens  • 
could  be  obtained  from  about  dO  men.  One  of  these,  a white  miner, 

52  years  of  age,  and  in  rather  anemic  condition,  showed  infection  with 
Uncinaria  arnericana.  The  other,  a white  engineer,  3d  years  old, 
gave  negative  results.  ! 

Sanford,,  Jloo're  County. — Specimens  from  d whites  (2  males,  and  2 
females),  obtained  by  2 of  the  local  physicians,  were  examined  with  > 
negative  results. 
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SOUTH  CAKOUINA. 

Camden^  Camden  Coantij. — I'nexpcctedly  dchiyod  ;it  Cumdon,  I 
visited  the  l)rickviirds  witli  Dr.  J.  W.  Corl)ctt.  Of  7 specimens  of 
feces  picked  up  at  random  from  the  o-round,  probably  most  if  not  all 
from  negroes,  1 was  found  infected  with  Tliclaana  am<-rtcana.  ( )ne 
white  laborer  also  showed  infection  with  the  same  parasite. 

Haile  Goldaiine^  Lancaster  County. — Through  the  kindness  of  Cap- 
tain Thiess,  the  superintendent  of  the  mines,  and  I)r.  (iregorv.  the 
local  pln^sician,  1 was  able  to  examine  specimens  from  5 whit(‘  men 
and  5 negroes  connected  with  the  mine.  All  of  th(‘se  examinations 
were  negative. 


Upon  leaving  Kichmond  I ha])pened  to  recall  the  observation  mafic 
by  Lucas  (in  rlordan  & Clark,  1898,  p.  To)  in  connection  with  uncina- 
riasis of  the  seal  pups  of  Alaska,  uamelv,  that  the  infected  animals 
were  almost  invarial)ly  found  on  the  sand  rookeric's;  I also  recallefl 
that  I had  observed  severe  outbreaks  of  uncinariasis  in  sheep  and 
goats  on  more  or  less  sand}"  pastures,  and  further  that  a severe  out- 
break of  the  same  disease  among  dogs  had  once  been  reported  to 
me  as  occurring  in  a sand}"  yard.  Not  recalling  at  the*  time  any 
similar  ol)servation  for  uncinariasis  in  man,  I determined  to  t(‘st  the 
subject  at  the  first  oi)portunity,  and  from  Richmond  to  Haile  Cold- 
mine  I had  diligently  iiifpiired  of  every  })hysician  I met,  whethm-  he 
found  more  anemia  on  sand,  clay,  or  rock  soil.  Most  physicians 
replied  that  they  had  paid  no  attention  to  the  subject;  one  ])hysician 
stated  that  he  thought  anemia  was  more  common  in  sandy  thati  in 
clay  localities. 

Through  CVptain  Thiess  I learned  that  the  land  m‘ar  tlu‘  mine's  was 
chieflv  a granite  sand:  With  Dr.  Gregorv,  I drove'  about  4 mile's 

into  the  sanelv  district  in  Lancaster  Countv  and  fe)unel  a familv  e>f  11 
meml)ers,  f)iie  e>f  whom  Avas  an  alleged  dirt-e'ate'i-."  'Plie'  instant  1 
saw  these  11  persons  1 recalleel  Litth'ls  (1845)  de'seription  of  the'  elirt- 
eaters  of  Florida.  (Se'c  Stiles,  1902b,  p.  20S.)  A })hysie*al  e'xami na- 
tion made  it  prejbable  that  we'  had  befe)re  us  11  case's  e>f  uncinaiaasis, 
and  a specimen  of  feces  from  one',  of  the  chilelre'u  gave'  the'  pe>sitive' 
diagnosis  of  infection  with  Uncinaria  amerieana.  4'here'  we're'  liun- 


dreds  of  eggs  ]) resent. 

Inepiiring  for  the  largest  ])lantation  of  this  sand  elistrie  t,  1 was 
directed  to  a place  in  Kershaw  ('e)unty,  abeiut  ♦)  mile's  ii'enn  Ke'rshaw, 
and  through  tlie  kindness  e>f  Dr.  4'witty  anel  the'  owne'r  e>t  the'  planta- 
tion, I was  able  te>  make  the  desireel  examinatieens. 

There  are  about  00  white  “hanels"  e)ii  this  farm.  Ce)ing  to  a 
field  I found  about  20  at  work.  The'se'  20  i)erse>ns,  me'ii,  we)me*n,  and 
children,  corresj)e)nded  in  more'.  e>r  h'ss  eh'tail  te>  the'  eh'scri|)t ieen  e>t 
the  so-called  dirt-(*aters  and  re'sin-chewe'rs.  A physical  e.xamination 
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showed  that  they  also  corresponded  to  eases  of  uncinariasis.  A family 
of  10  members  was  selected  and  examined  carefully.  Specimens  of 
feces  from  4 of  them  were  examined  microscopically  and  found  to 
contain  hundreds  of  eggs  of  Uncinaria  americana.  The  owner  of  the 
plantation  in»formed  me  that  it  would  be  a waste  of  my  time  to  exam- 
ine the  remaining  40  “hands,”  as  the}^  were  in  exactly  the  same  con- 
dition as  the  20  already  examined. 

Driving  to  a neighboring  farmhouse,  1 found  a family  of  5 members, 
3 of  whom  presented  such  severe  and  typical  symptoms  that  I had  no 
hesitation  in  diagnosing  them  as  due  to  uncinariasis. 

Kershaw  County. — While  driving  back  to  Kershaw,  I passed  a 
country  schoolhouse.  The  children,  about  twenty-five  or  thirty  in 
number,  were  at  play  during  recess,  and  a mere  glance  at  them  was 
sufiicient  to  show  that  30  to  40  per  cent  presented  the  same  general 
appearance  as  the  children  on  the  neighboring  plantation. 

At  Kershaw  several  extreme  cases  were  met  on  the  street.  The 
persons  in  question  had  come  in  from  the  countiy.  One  farmer,  living 
about  9 miles  away  from  Kershaw,  had  with  him  two  of  his  children. 
He  stated  that  his  entire,  family,  10  in  number,  had  suffered  or  were 
suffering  in  the  same  way  as  these  two  boys.  Physical  examination 
made  uncinariasis  probable,  and  the  microscopic  examination  of  the 
feces'  showed  heavy  infections  with  Uncinaria  americana. 

Inquiiy  among  the  local  physicians  and  the  more  intelligent  laity 
elicited  the  information  that  the  cases  that  1 had  seen  represented 
conditions  which  were  usually  attributed  to  “dirt-eating,”  “resin- 
chewing,”  “heart  disease,”  “bloat,”  “amenorrhea,”  “anemia  due  to 
malaria”  (mosquitoes  were  noticeable  chiefiy  by  their  absence), 
“general  debility,”  “poor  nourishment,”  etc.  I was  further 
assured  that  these  conditions  were  general  throughout  this  region,  and 
were  not,  or  only  slightl}^,  amenable  to  treatment. 

Taking  these  cases  together,  some  forty  or  fifty  in  all,  which  I 
examined  carefully  within  three  da^^s,  we  have  one  common  symptom, 
namely,  anemia^  nearly  all  other  symptoms  noticed  could  be  reduced 
to  sequelae  of  anemia j further,  in  every  case  examined  microscopically, 
exceedingly  heavy  infections  with  ZTncinaria  americana  were  found. 
Under  these  conditions,  and  because  the  general  clinical  history  corre- 
sponded so  well  with  uncinariasis,  I have  not  the  slightest  hesitation 
in  grouping  the  cases  observed  as  due  to  Uncinaria  americana. 

Chariest 071.^  Chanleston  County. — Through  the  kindness  of  Drs.  John 
Dawson  and  Robert  Wilson,  jr.,  I was  able  to  meet  the  students  of 
the  Charleston  Medical  College.  Explaining  the  object  of  my- trip,  I 
asked  for  volunteers  to  submit  to  microscopic  examination.  Sixteen 
of  the  students  and  1 member  of  the  facult}^  immediatel}^  volun- 
teered. Of  these  17  men  (all  white,  of  course),  4 were  found  infected 
with  Uncinaria  ainericana  and  1 showed  a heavy  infection  with 
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Ilymenolepw  nana.  The  cases  of  uncinariasis  came  from  tlu‘  sand  dis- 
tricts— namely,  Barnwell  Count}';  Florence,  Saint  John  Countv;  a 
sea-coast  island  near  Charleston,  and  Edisto  Island,  Cluirleston  (\)untv. 

Through  the  courtesy  of  Dr.  Huger  and  the  ladies  in  charge  of  the 
Charleston  Orphan  Asylum,  I was  able  to  examine  280  white  children, 
both  boys  and  girls.  I picked  out  20  for  closer  examination.  b(‘c;iuse 
of  the  anemic  condition,  or  stunted  growth,  etc.  Of  the  fecal  speci- 
mens obtained,  15  showed  infection  with  Uncinaria  n nirr/t-ima.  All 
of  the  children  came  from  sandy  districts  of  the  Stat(‘ — namely.  Sum- 
meryille,  Dorchester  County;  Berkeley  County ; Adams  Run.  (Jolleton 
County;  Blum  Island,  Charleston  County,  and  McClellanyilh'.  Charh‘s- 
ton  County.  One  additional  case  failed  to  show  eggs  in  the  f(‘c(‘s,  but 
the  clinical  history  during  early  childhood  seemed  typical  for  uncina- 
riasis (see  p.  58,  case  of  L.  B.).  Of  the  4 remaining  cases  (2  from 
Charleston  (city)  and  2 from  Edgeville),  1 Charh^ston  boy  11.1  yc^ars 
old  and  1 Edgeville  boy  11  yinii’s  old  showed  infection  with  whip 
worms  {Trichuris  trichiura). 

Besides  the  Charleston  physicians  mentioned  above,  I am  indebted 
to  Dr.  Grange  Simons,  president  of  the  State  board  of  health:  Di-.  d. 
Mercier  Green,  city  health  officer,  and  several  other  gentlemen,  for 
their  kind  cooperation  in  my  work.  Dr.  De  Saussui'e  stated  to  me 
that  he  had  found  the  eggs  of  I nchwi^hi  in  the  stools  of  seyc'ral 
patients. 

OEOROIA. 


Atlanta^  Fulton  Learning  incidentally  that  Drs.  Claude  A. 

Smith  and  II.  F.  Hari-is  were  continuing  theii-  studies  on  uncinariasis 
in  Atlanta,  I left  the  city  without  seeing  any  cases  personally.  No 
reason  was  apparent  which  made  it  necessary  to  confirm  their  work 
for  this  locality,  and,  furthermore,  the  territory  belonged  to  them  as 
local  men  who  were  carrying  on  theii’  investigations  at  their  own 


expense. 

In  connection  with  northern  (b'orgia  it  may,  however,  be  stat(‘d  that 
according  to  Dr.  Lamartine  G.  Hardman,  a member  of  the  ( b'orgia  h‘g- 
islature,  a condition  exists  in  dackson  (younty,  Ga.,  which  corrc’sponds 
to  what  I found  in  Kershaw  and  Lancastei’  counties.  S.  C. 

Muco)i^  Bihh  County. — Through  the  kindness  of  (In*  local  physicians 

1 was  able  to  examim*  two  whiti'  or})han  asylums  in  Macon. 

In  one  of  tlu‘s(‘.  Dr.  Clark  (consulting  jihysician)  and  I seh'ctcd  trom 
among  tlu'  <S5  childrcm  IT  boys  and  girls  for  closer  (‘.xamination.  4 hi* 
selection  was  madi*  in  the  same  manner  as  at  ( Miarleston,  namely, 
because  of  tin*  pale,  weak,  or  othi'i’wisc  pool- condition.  Microscopic 
examination  showed  12  cases  of  infection  with  t luunurm  u/m  ruutnu, 

2 cases  of  infeidion  with  llymrnoh pta  nunu,  and  8 negative  cases.  1 he 
uncinariasis  cases  came  from  sandy  districts,  namely:  Americus,  Sum- 
ter County,  1:  BuenaA  ista,  Marion  C’ounty.  2:  'riiomasyille.  riiomas 
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County,  1;  Savannah,  Chatham  County,  1;  and  Way  cross.  Ware 
CounW,  Ga.,  1;  and  Wacissa,  Jefferson  County,  1;  De  Land,  Volusia 
County,  4;  and  Liveoak,  Suwanee  CounW,  Fla,,  1.  Both  Ilymonelejpis 
cases  came  from  Georgia. 

At  another  orphan  as}dum,  through  the  kindness  of  Dr.  Little,  the 
consulting  physician,  I examined  112  white  children,  all  from  Georgia. 
1 selected  21  for  closer  study,  and  the  microscopic  examination  of  the 
feces  revealed  IT  cases  of  infection  with  Uncinaria  americana,  1 light 
infection  with  Hymenole'pis  nana^  and  2 negative  cases,  1 of  which  was 
doubtless  malarial.  The  IT  cases  came  from  the  following  places: 
Baxle}^  Appling  County,  1;  Cordele,  D00I3"  CounW,  1;  Darien, 
McIntosh  Count}",  1;  Effingham  County,  1;  Johnson  County,  1;  Jones 
County,  4;  Kinderlou  Station,  Lowndes  County,  1;  Lyon,  Tattnall 
County,  1;  Monroe  County,  1;  Rich  wood,  Dooly  County,  2;  Sanders- 
ville,  Washington  County,  1;  Waycross,  Ware  County,  2. 

Four  cotton  mills  were  next  inspected,  some  of  the  houses  of  the 
factory  hands  were  visited,  and  about  25  or  30  cases  of  uncinariasis 
were  found.  Inquiry  developed  the  important  facts  that  the  infected 
persons  had  come  to  the  mills  from  the  rural  sand  districts,  and  that 
in  general  their  condition  improved  with  their  residence  in  the  city. 
An  examination  of  the  premises,  both  of  the  mills  and  of  the  houses, 
did  not  indicate  that  the  disease  would  spread. 

At  a negro  school  in  Macon  I failed  to  find  a single  case  of  uncinari- 
asis which  could  be  diagnosed  symptomatically  with  even  a semblance 
of  confidence.  In  one  case  only  did  I even  suspect  the  disease. 

“ Circus  day  ” brought  thousands  of  people  into  view  on  the  streets, 
many  coming  in  from  the  surrounding  country.  Several  cases  of 
probable  uncinariasis  were  observed  among  the  whites,  hut  none 
among  the  negroes. 

Besides  the  Macon  physicians  mentioned  above  in  connection  with 
the  orphan  asylums,  I am  under  obligations  to  Dr.  A.  ]\J.  Burt,  and 
especially  to  Dr.  H.  McHatton  for  their  cooperation  in  my  work. 

MiUedgeville^  Baldvnn  County, — Through  the  kindness  of  Dr.  T.  O. 
Powell,  superintendent,  and  Dr.  M.  L.  Perry,  pathologist,  of  the 
State  sanitarium,  I was  able  to  see  a large  number  of  the  patients. 
Extreme  cases  of  anemia  were  conspicuous  by  their  absence.  Two 
patients  were  selected  as  possible  cases  of  uncinariasis,  the  micro- 
scopic examination  being  left  in  the  hands  of  Dr.  Perry,  who  has 
kindly  written  me  that  it  was  negative. 

Fort  Valley,^  Houston  County. — With  the  cooperation  of  Dr.  M.  S. 
Brown,  a local  physician,  I found  about  10  cases  of  uncinariasis  near 
town  within  an  hour’s  time.  The  clinical  histories  were  so  typical 
that  it  was  considered  scarcely  necessary  to  make  a microscopic  exam- 
ination; nevertheless  this  was  done  in  one  case  with  the  result  of 
finding  a severe  infection  with  Uncinaria  americana.  After  seeing 
the  class  of  cases  I desired  to  find,  Dr.  Brown  assured  me  that  they 
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were  common  in  that  region,  and  that  ho  could  easily  find  oO  or 
more  cases  within  a da}"’s  time. 

Albany,  Dougherty  County. — Leaving  the  sand  district  I next  visited 
Albany,  which  is  surrounded  by  clav.  Corresponding  to  tlie  change 
in  the  soil  there  was  a change  in  the  medical  facies,  rncinariasis 
disappeared,  except  for  cases  which  came  in  from  the  neigh bori fig 
sand  districts,  while  malaria  increased.  Dr.  Ililsman,  one  of  the  local 
physicians,  kindlv  drove  around  with  me  to  lind  Cfises,  but  we  wm-e 
obliged  to  go  about  15  kilometers  (0  miles),  namely,  into  Lei‘  Countv, 
before  we  located  a familv  with  uncinariasis.  l)urin<r  this  drive  we 
left  the  cla}^  soil  and  passed  into  a sand  district,  with  jiine  woods. 
The  family  in  (question  presented  four  typical  extreim'  cases;  although 
microscopic  examination  for  sake  of  diagnosis  seemed  uniu‘c(‘ssary  it 
was  nevertheless  made  and  show^ed  heavy  infection  with  Utteinuriu 
amerlcana. 

While  with  Dr.  Ililsman  in  Albany  I made  a most  fortunate  mistake 
in  diagnosis.  The  patient  was  a l)oy  about  13  or  14  years  old.  He 
had  a clear  case  of  malaria  (tyjiical  histoiy,  enlargi'd  sj)l(*en,  etc.),  but 
in  addition  to  that  1 was  confident  that  he  had  a medium  or  light 
infection  with  uncinariasis.  Microscopic  examination  proved  me  in 
error.  This  boy  lived  in  a clay  district  and  had  never  lived  in  sand; 
furthermore,  he  did  not  show  the  eye  s^uuptom,  which  I slmll  discuss 
later  (see  p.  05).  This  is  the  last  time  I attempted  a detinit(‘  diagnosis 
upon  symptoms  of  ain^  medium  or  light  case  unless  si'vere  cases 
occurred  in  the  same  famil3^ 

As  soon  as  Dr.  Ililsman  understood  the  kind  of  cases  1 d('sir(‘d  tt> 
see  he  stated,  with  the  utmost  positiveness,  that  they  did  not  arise  in 
and  around  Albany  until  the  sandy  soil  was  reaclu'd.  ( )ccasiofially 
cases  came  to  Alban}’  from  the  neighboring  sand  coimties,  but  the 
local  anemia  Dr.  Ililsman  considerc'd  to  be  almost  (uitirely  of  malarial 
origin — an  opinion  in  which  1 can  only  concur  aft(‘r  what  1 saw  in 
that  city. 

I happened  to  be  in  Albany  on  Saturday,  when  the  country  folks  tor 
miles  around  come  to  town.  Standing  on  the  stre(‘t  conuu’  for  sev(‘ral 
hours,  I must  have  seen  about  whites  and  fully  3,ni)0  ni'groc's  who 
drove  or  walked  into  town.  Of  the  whites,  I notic(*d  about  5 cases  of 
probable  uncinariasis.  Two  of  the  cases,  whom  I was  able  to  inter- 
rogate, gave  a typical  history  of  unciiniriasis  (‘XttMiding  back  tor  several 
years,  but  no  history  of  malaria.  Tln'v  came  from  neighboring  sand 
counties.  Among  the  3,0(M)  negro  men,  wonuni,  and  childrtm,  whom 
1 saw,  there  was  only  one  pei’son  in  whom  1 i‘V('n  susjx'cted  troin  his 
general  appearance  that  uncinariasis  might  be  pi’i'siMit. 

Willacoochee^  Coffee  County. — In  southern  ( b'orgia,  Cotb'e  Oounty 
bears  the  reputation  of  being  more  or  l(\ss  a centi’r  tor  dirt -I'aters.  It 
is  a sandy,  pine-wood  district,  with  numerous  swamps,  which  indicate 
a more  impervious  subsoil.  As  a result,  l)oth  malaria  and  uncinariasis 
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were  found,  and  it  was  exceedinoflv  interestine  to  note  the  ease  with 
which  an  error  in  diagnosis  in  medium  and  light  cases  could  be  made 
if  the  microscope  were  not  used.  Extreme  cases,  however,  coidd  l)e 
easily  distinguished  without  the  microscope.  Several  cases  of  typical 
extreme  uncinariasis  were  seen  on  the  street,  but  not  examined  care- 
full  v.  Then,  throusfh  the  kindness  of  Dr.  TV’ilcox.  I was  able  to  make 
a careful  examination,  both  physical  and  microscopic,  of  a group  of  s 
cases  at  the  sawmills  a short  distance  from  town.  After  Dr.  AVilcox 
examined  these  cases  with  me,  he  declared  that  he  knew  of  at  least 
similar  patients  within  the  teiTitory  of  his  practice.  He  considered 
this  condition  one  of  the  most  common  diseases  of  that  region,  but 
thought  malaria  was  fully  as  common  if  not  more  so. 

Ware  County, — Passing  now  to  TTaycross.  I entered  a dis- 
trict where  uncinariasis  is  exceedingly  common.  Di*s.  P.  P.  Izlar  and 
J.  L.  Walker  assured  me  that  the  cases  I was  tracing,  two  of  which 
1 saw  with  Dr.  W alker.  were  much  more  common  than  was  malaria, 
the  proportion  being  about  '20  to  1.  In  this  district  these  patients  are 
called  ” Branch-water  people.”  Both  Dr.  Izlar  and  Dr.  Walker  stated 
that  they  could  easily  show  me  scores  of  cases  within  a radius  of  a few 
miles. 

FLORIDA. 

JacksomnlJ.e,  Duval  County. — In  Jacksonville  two  cases  of  typical 
imcinariasis  were  seen  on  the  street.  One  of  these  patients  was  traced 
\ to  the  county  in  which  the  boy  had  formerly  lived. 

Both  the  State  and  the  city  health  offices  assured  me  that  the  condition 
I was  hunting  was  perfectly  familiar  to  them — that  it  was  prevalent 
throughout  the  State,  especially  in  the  "liat- woods  district.”  and  that 
Florida  physicians  interpreted  it  as  an  anemia  due  to  malaria  and 
improper  diet. 

Waldo.  Alachua.  f —Through  the  kindness  of  the  local  phy- 

sician. Dr.  J.  W.  Boring.  I was  able  to  examine  two  groups  of  tvpical 
cases  of  imcinariasis  within  a short  distance  from  town.  Dr.  Boring 
assured  me  that  this  condition  was  exceeding  common  in  Florida  and 
was  generally  interpreted  as  an  anemia  due  to  malaria  and  improper 
diet. 

Ocala.  JIarion  County. — In  Ocala  I saw  several  typical  cases  of 
imcinariasis  on  the  street,  and.  through  the  kindness  of  Dr.  A.  F.  Izlar. 
I was  able  to  examine  5 positive  cases  and  1 probable  case  more 
closely.  Dr.  Izlar  confirmed  the  statements  of  the  health  offices  in 
J acksonville.  Fla. . relative  to  the  frequency  and  intei’p fetation  of  the 
disease. 

From  Ocala  I returned  (November  16)  directly  to  Washington.  D.  C. . 
and  noticed  several  cases  which  presented  the  appearance  I had  found 
typical  of  imcinariasis.  as^  the  train  stopped  at  various  stations  in 
Florida, 


45 


SYMI>T03IAT0L0(a  OF  I N(  INAHI  ASIS.« 


In  connection  with  the  symptoms,  let  us  recjill  that  uncinariasis  is 
caused  l)y  hookworms  about  half  an  inch  lon<^^  which  live*  in  th(‘  small 
intestine  for  several  meters  below  the  stomach. 

These  worms  fasten  to  the  mucosa  and  suck  blood.  They  lay 
numerous  eggs,  which  can  be  found  by  a microscopic  examination  of 
the  stools.  The  number  of  eggs  in  the  feces  and,  in  a general  way 
also,  the  severit}^  of  the  symptoms  will  vary  with  tlu'  numluu*  of  para- 
sites present  and  with  the  duration  of  the  infection. 

The  injury  to  the  patients  results  from  th(‘  following  factors:  (1) 
Sucking  of  blood  by  the  parasites,  which  is  a constant  drain  on  the 
system;  loss  of  blood  into  the  intestine  through  the  minub*  wounds 
made  by  the  parasite,  a factor  which  also  tends  to  dei)let(‘  tlu*  syst(*m; 
(3)  the  wounds  form  })oints  of  attack  for  bacteria,  hence  increase  the 
chances  of  bacterial  infection  as  well  as  of  toxic  infection  from  t)artly 
digested  and  decomposed  food;  (4)  the  wall  of  the  duodenum  and 
jejunum  becomes  thickened  and  degenerated,  and  its  function  is  thus 
decidedly  interfered  with;  (5)  the  parasites  in  all  probability  produce 
a poisonous  substance  which  acts  ut)on  the  patient. 

Theoretically  there  is  only  one  sign  which  is  i)i*esent  in  every  case, 
nameh%  the  presence  of  one  or  more  parasites  in  the  inb'stine.  If 


«Thin  discussion  of  symptoms  'will  be  influenced  to  no  slight  degree  by  the  fact 
that  during  my  trip  my  associates  have  been  almost  entirely  practicing  physicians, 
particularly  in  rural  districts,  rather  than  laboratory  specialists;  and,  since  it  is  more 
particularly  the  country  j>ractitioner  whom  I desire  to  reach  by  this  paper,  I shall 
not  hesitate  to  use  vernacular  names  even  if  these  do  not  invariably  have  a cla.s«ical 
origin. 

My  trip  was  undertaken  in'order  to  })rove  the  fre(iuency  an<l  geographic  distribu- 
tion of  the  parasite,  not  to  study  the  syni})toms  it  causes.  It  was  therefore  a zoologi- 
cal, not  a clinical,  trip,  and  on  this  account  a zooh)gist,  not  a clinician,  undertook  the 
investigation.  Not  posing  in  any  sense  of  the  term  as  a clinician,  1 feel  that  any 
observations  which  I have  made  upon  symptoms,  sensu  stricto,  should  be  looketl 
upon  as  over  and  above  the  amount  of  work  which  should  be  justly  expecte«l  of  me. 
Certain  symptoms  I could  not  help  noticing.  The  circumstances  of  my  trip,  the 
rapid  travel,  short  stops,  and  the  fact  that  the  work  was  done  among  strangers,  and 
usually  in  the  field  instead  of  in  a hos])ital,  absolutely  excluded  certain  observations, 
even  had  I considered  that  I was  the  pro[>er  pei-son  to  make  them. 

If,  therefore,  the  Header  mis.ses  in  this  disciussion  observations  on  any  j»arti«*ular 
symptom  in  which  he  is  especially  interested,  1 beg  that  he  will  i\*cak  that  it  is  self- 
understood  that  the  finer  points  in  symptomatoh>gy  must  Ik*  studied  by  ex|H*rt 
clinicians. 

■ I regret  that  it  is  not  fea.sible  for  meat  the  jire.sent  time  to  review  the  entin*  medi- 
cal literature  on  uncinariasis.  Such  an  undertaking  would  involve  an  unjustilialne 
delay  in  sending  much-needeil  information  to  jihysicians  in  the  infei’ted  district. 

In  connection  with  my  own  observations,  however,  I shall  mak»‘  fretpient  rofi*r- 
ences  to  the  noted  paiier  entitled  “Ob.servations  on  400  ca.^es  of  anchylostomiasis.” 
published  in  1894  by  F.  M.  Sand  with,  M.  D..  physician  to  the  Ka."r-el-aini  Hospital. 
Cairo,  Egypt,  thus  supplementing  my  description  with  the  views  expressetl  by  u 
trained  clinician. 
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these  worms  are  in  an  eg'g-la3dng  stage  ova  will  be  found  in  the 
feces.  But  from  a practical  standpoint,  severe  cases  present  what 
seems  to  be  a characteristic  type,  and  even  medium  cases  often  present 
a more  or  less  typical  clinical  history. 

The  statement  is  not  infrequently  made  that  there  is  one  way  and 
onl}^  one  way  to  diagnose  a case  of  uncinariasis,  namely,  by  examina- 
tion of  the  stools  to  find  the  parasites  or  their  eggs. 

Academically  this  statement  is  more  or  less  correct,  yet  practicall}" 


Fig.  42. — A severe  case  of  hookworm  disease  observed  in  Florida.  Note  the  bloated  face,  the  drooping  j 
shoulders,  the  prominent  abdomen,  and  the  thin  arms  and  legs.  This  girl  is  about  fifteen  years 
old.  Original,  from  a kodak  photograph.  I'i 


it  should  be  somewhat  modified.  Sandwith  (1894,  p.  13),  to  quote 
from  a clinician,  states  that  ‘‘facies  of  the  patient  is  characteristic, 
though  it  is  difficult  to  describe  his  discontented,  harassed  expression, 
which  sometimes  changes  to  a ready  smile  after  a month’s  stay  in  a 
hospital.”  The  data  at  my  disposal  would  lead  me  to  divide  the  cases 
of  hookworm  disease  I have  observed  into  three  general  but  not  veiy 
sharply  defined  classes,  namely: 

(1)  Light  cases^  including  those  in  which  practical^  no  distinct 
symptoms  of  the  disease  are  noticed,  but  in  which  a few  hookworm 


.■'J 


47 


eggs  are  discovered  in  the  stools.  We  may  also  place  here  a number 
of  cases  in  which,  in  addition  to  the  i:)resence  of  ecrtrs,  tliere  is  a slitrht 
diarrhea  or  some  other  slight  symptom,  including  more  or  less  rai)id 
exhaustion  after  physical  exertion,  henc^  an  indisposition  to  work, 
which  is  usually  interpreted  as  laziness.  Cases  of  this  class  ai-e  found 
in  the  infected  areas  and  elseAvhere,  since  infected  peoi)le  may  move 
away  from  the  sand  districts. 

(2)  2[edlum  cases,  including  those  in  which  the  disease  has  ])rogressed 
to  such  an  extent  that  a more  or  less  anemic  condition  is  noticed,  but 
other  symptoms  are  not  especially  marked.  If  these  patients  were 
found  outside  the  infected  area,  the  diagnostician  (especially  if  he  is 
not  familiar  with  the  disease)  would  probably  not  see  anything  j)ar- 
ticularly  characteristic  in  them;  many  of  these  cases,  howi'yer.  show 
a more  or  less  typical  history,  and  if  a history  of  rt'sidence  upon 
sandy  soil  in  tropical  or  subtropical  regions  can  be  obtained,  uncina- 
riasis should  certainly  be  strongly  suspi'cted.  If  tlu'se  cases  occur  in 
a family  which  also  presents  severe  cases  of  uncinariasis,  the  diagnosis 
of  hookworm  disease  in  the  medium  cases  is  usually  (piite  sab*,  ('ven 
if  a microscopic  examination  is  not  undertaken. 

(3)  Severe  cases^  in  which  we  find  that  striking  set  of  symptoms 
which  even  the  laity  in  our  Southern  States  attributes  to  “dirt- 
eating.'' These  patients  present  a facies  which  is  well  recognized  by 
Southern  physicians.  If  the  })atient  is  found  in  a Southern  sand  area, 
the  diagnosis  is  practical!}'  certain.  If  found  outside  of  the  inf(‘ctt*d 
area,  with  a history  of  j)reyious  residence  in  a Southern  sand  district, 
its  recognition  symptomatically  ought  not  to  lx*  att(‘n(h‘d  with  dilli- 
culty.  In  case  of  doubt,  if  a microscope  is  at  hand,  tin*  test  may  b(* 
made  in  less  than  five  minutes;  if  no  microscopt*  is  at  hand,  the  blot- 
ting paper' test  (see  ]).  .81)  will  usually  suffice. 

Turning  now  to  an  analysis  of  symi)toms,  I will  give  my  obst*rvti- 
tions  on  the  severe  cases.  It  is  needless  to  state*  that  tin*  symptoms 
discussed  may  vary  in  intensity,  and  that  not  ev(*ry  symptom  men- 
tioned is  found  in  every  severe  case.  We  lind  on  the  contrary  an 
imperceptible  gradation  l)etween  the  severest  and  the  light(‘st  cases. 

(JEXEKAI.  l*KEDISrOSlN(J  FACTOIDS. 


INFECTION  (X’CCKS  CHIEFLY  oN  SANDY  SOIL. 


In  connection  with  the  clinical  history,  tln>  )‘(*si(h*ii(M*  on  sandy  soil 
is  undoubtedly  one  of  the  most  important  jioints  to  lx*  obtaiiu'd.  If 
an  anemic  patient  gives  no  history  of  temporary  or  p(*rmanent  resi- 
dence on  a sandy  soil,  uncinariasis  is  not  absolutc'ly  excludc'd,  but 
according  to  my  experience*  the  chances  are  against  it.  It  on  the 
other  hand  a history  of  sojourn  or  residence  in  a sandy  rural  district 
is  obtained,  the  probabilities  of  uncinariasis  are  decidedly  incn*ase<l. 
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Nearly  every  case  of  the  disease  found  during  the  entire  trip  was 
either  living  at  the  time  in  a sand}-  district  or  had  lived  in  such  a place 
a few  years  previously.  As  soon  as  I entered  the  sandy  areas,  uncina- 
riasis was  found.  As  soon  as  I left  the  sand,  as  at  Albany,  local  foci 
of  infection  of  uncinariasis  disappeared. 

Inquiry  among  physicians  at  first  failed  to  elicit  any  definite  state- 
ment regarding  the  soil  on  which  anemia  was  most  frequent,  but  upon 
going  farther  south  several  ph3^sicians  were  met  whose  experience 
fully  confirmed  ni}^  observations  on  this  point.  One  physician  in  par- 
ticular, Dr.  A.  M.  Burt,  of  Macon,  was  of  the  emphatic  opinion  that 
in  bringing  the  condition  which  1 have  interpreted  as  uncinariasis  into 
connection  with  the  sand}"  soil,  I bad  found  the  keynote  to  the  distri- 
bution of  the  entire  disease.  Dr.  McHatton,  of  Macon,  called  my 
attention  to  the  fact  that  in  antebellum  da}"s  the  slave  owners  in  the 
Lower  Mississippi  Yalle}"  frequently  provided  special  quarters,  which 
were  removed  from  the  sand  districts,  and  to  which  they  sent  the 
dirt-eating  and  other  sick  negroes  and  also  negresses  about  to  be  con- 
fined, the  view  being  held  that  a clay  soil  was  more  salubrious  than  a 
sandy  soil.  This  view,  in  fact,  I found  to  be  rather  prevalent  among 
the  farm  hands.  Time  after  time  they  remarked,  ' AVe  were  never  sick 
so  long  as  we  lived  in  a clay  district,”  “This  disease  developed  after 
we  moved  upon  sand,”  etc. 

This  view  that  uncinariasis  follows  the  sand  is  supported  b}-  evi- 
dence obtained  in  Alaska  I)}"  Mr.  F.  A.  Lucas.  After  the  discovery 
was  made  that  uncinariasis,  caused  b}"  Uncinaria  Liicasi,  was  preva-  i 
lent  among  the  seal  pups,  Lucas  (see  above,  p.  39)  showed  that  it  was 
practicall}"  onh"  the  seals  on  the  sandy  rookeries  which  were  infested  ' 
with  the  parasites.  | 

As  stated  above  (p.  39),  I have  also  observed  two  outbreaks  of  j 
uncinariasis  among  sheep  and  goats,  caused  b}-  Uncinaina  trigonocephaJa  ' 
(Rudolphi,  1809)  Ralliet,  1900,  on  more  or  less  sandy  soil,  and  have  j 
further  confirmatoiy  facts  in  connection  with  one  outbreak  of  the 
disease  among  dogs.  Since  returning  from  my  trip  I have  found  ' 
at  least  one  reference  in  literature  on  uncinariasis  and  ground  itch  to  i 
the  efi'ect  that  the  soil  in  districts  where  certain  cases  have  occurred 
was  more  or  less  sandv  (see  p.  62),  but  I have  not  }"et  found  that  any  \ 
author  lays  stress  upon  this  point.  Lj 

In  view  of  all  the  data  at  hand,  I have  no  hesitation  in  expressing  ' 
the  opinion  that  uncinariasis,  caused  hy  Uncinaria  arnericana^  is  pre-  i 
eminently  a disease  of  sandy  localities  and  that  cases  found  in  clav  or  : 
rocky  areas  can  usualh"  be  traced  to  a former  visit  or  residence  in  a 
sand}^  place. 

Just  wh}"  this  disease  should  follow  the  sand  rather  than  the  cla}"  is  ! 
not  absolutel}"  clear.  Three  explanations  have  occurred  to  me  as 
working  ly-potheses  which,  though  not  absolutely  satisfactoiy  as  final,  - 
will,  I believe,  explain  part  of  the  mvstery. 
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(1)  We  know  that  uncinariasis  is  spread  through  the  feces:  we  know 

further  that  when  the  embryos  hatch  from  th(‘  thi'v  haive  the 

feces  and  enter  the  surrnundino-  water  or  moist  earth,  while  theiv  is  no 
satisfactoiy  evidence  to  show  that  they  are  blown  around  in  the  air  in  a 
dry  state.  (See  Stiles,  llM):>b,  p.  199.)  Now,  assume  that  a juu-son  walks 
over  infected  oround;  if  that  around  is  clay,  1k‘ do(‘s  not  disturb  the 
embryos  which  have  crawled  beneath  the  sui-face,  exc(‘pt  in  wet  places; 
if,  on  the  other  hand,  the  o-round  is  sand,  he  not  oidy  stirs  it  up  while 
walking,  thus  bringino-  the  young  wa)rms  nearer  the  surface  again  and 
thereby  increasing  their  chances  of  producing  an  infection,  but  he  is 
also  likely  to  carry  away  particles  of  sand,  together  with  embryos, 
with  him  on  his  shoes  or  feet,  thus  increasing  his  chances  of  becoming 
infected.  It  is  further  clear  that  children  playing  in  sand  will  stir  up 
more  embrvos  than  when  playing  on  a clay  soil,  and  will  thus  increase 
their  chances  of  infection. 

(2)  An  additional  explanation  is  that  water  will  not  pass  through  clay 
as  it  will  through  sand;  hence  on  clay  soil  the  embryos  stand  a gn*at(‘r 
chance  of  perishing  or  of  being  washed  b}-  rain  into  the  streams.  On 
sand,  however,  the  embryos  might  perhaps  work  their  way  through 
the  soil"  with  the  water,  and  thus  infect  surface  wells.  In  advancintr 
this  hypothesis,  I am  not  unmindful  of  the  view,  supported  by  excel- 
lent observers,  that,  since  the  embiTos  sink  in  water,  driidving  water 
is  not  necessarily  a common  source  of  infection.  Granted  that  they 
do  sink  in  water,  a water  bucket  in  a well  also  sinks,  and  the  water 
from  surface  wells  frecpienth^  contains  sand  particles  that  are  hc'avier 
and  larger  than  UncinavLa  larvie;  hence  we  can  not  altogether  ignore 
the  drinking  water. as  a possible  source  of  infection.  If,  on  the  other 
hand,  drinking  water  were  the  only  source  of  infection,  it  is  probable 
that  in  families  where  uncinariasis  exists  the  intensity  of  the  di.sease 
would  show  a greater  tendency  to  uniformity. 

Giles  has  (‘xamined  5<)  specimens  of  water  from  wells  and  ponds  of 
villao’es  ati'ect(‘(l  with  hookworm  di.seas(‘  and  1<I  of  tluvsi'  he  found  bv 
chemical  and  microscopical  examination  to  1h‘  ""bad"  or  ""^'erv  bad." 
Yet  on  Old}'  one  occa.sion  did  he  find  a rhabdite  of  doubtful  origin  in 
water.  (Sandwith,  1894,  p.  9.) 

(8)  Oxygen  is  necessary  to  the  develoi)m(Mit  of  the  embryos  and 
larvie,  and  it  does  not  seem  unreasonal)le  to  assunu*  that  .sand  would 


In  an  article  winch  has  jnst  api)carc‘(l,  L<)f)ss  (ia03,  p.  .‘{.‘{1 ) says: 

“ Further,  during  the  six  years  of  niy  residence  in  Cairo  [I'^ypt],  I have  not  heanl, 
iij)  to  the  present  time,  of  a single  case  [of  hookworm  diseasi*]  in  an  lairopran  nny 
own  cas(‘,  of  course,  excepted).  This  fact  speaks  all  the  less  [s(»  much  the  less]  in 
favor  of  the  assumption  (.>f  a more  common  di.ssemination  [i.  t*.,  infection]  of  tin* 
disea.se  through  the  drinkin<j;  water,  vegetables,  etc.,  since  [as]  fhr  mntun  honkirunn 
larnv,  as  experiments  have  sJion'n,  ]xu<s  throiajh  (he  ordinaia/  sand  fdtrr  irith  Murpnsnuj 
rapklitij,  and  this  even  irhm  the  irater  is  allowed,  not  to  run  off,  hut  to  stand.'''  [ltalii*s 
not  in  the  original  German.] 
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on  that  account  present  more  favorable  conditions  for  the  growth  to 
the  “encysted  stage,  and  probably  also  a longer  preservation  of  that 
stage. 

In  this  connection  it  may  be  noted  that  Looss  has  used  charcoal  as 
a medium  in  which  to  cultivate  the  larvae  of  Agchylostoma  duodenale. 

INFECTI02C  OCCUES  CHIEFLY  IV  THE  EUKAL  DISTEICTS. 

Since  the  infecting  agent  of  uncinariasis  is  spread  througli  the  feces, 
we  may  expect  to  find  infection  taking  place  (other  things  being  equal) 
in  localities  where  the  fecal  matter  is  not  properly  disposed  of.  Fur- 
thermore, we  would  not  expect  that  paved  streets  or  grass  lawns 
would  favor  the  development  of  the  disease.  TTe  need  not  therefore 
expect  local  foci  of  infection  to  occur  in  cities  and  towns  which  have 
proper  sewerage  s^^stems  and  in  which  the  streets  and  walks  are  paved 
and  the  yards  sodded;  but  we  may  expect  to  find  local  foci  of  infec- 
tion in  localities  where  box  privies  are  used  but  not  properly  cared 
for,  or  where  promiscuous  defecation  occurs  in  the  woods,  fields,  mines, 
etc.  This  condition  is  in  fact  exactly  what  is  found.  AYhile  unci- 
nariasis is  not  entirely  absent  from  those  premises  on  which  the  feces 
are  properly  disposed  of,  in  cities  like  Washington,  Eichmond,  Charles- 
ton, Macon,  Jacksonville,  and  Ocala,  such  cases  as  are  found  can  not 
be  shown  to  have  developed  there;  but  probably  in  most  every  case 
they  can  be  either  probably  or  positively  shown  to  have  been  con- 
tracted elsewhere.  In  a number  of  cases  I have  established  this  point 
with  a probability,  which  for  all  practical  purposes  may  be  looked 
upon  as  a certain^.  We  may  therefore  exclude  the  greater  portion 
of  the  inhabitants  of  sanitary  districts  of  cities  from  consideration  in 
connection  with  uncinariasis  and  may  with  confidence  la}^  down  the 
general  rule  that  any  anemia  developing  in  them  as  result  of  local 
infection  (namely  infection  at  home)  is  much  more  likely  to  be  due  to 
malaria  or  other  causes  than  to  uncinariasis. 

As  we  approach  the  outskirts  of  cities  and  towns  and  enter  the  rural 
districts,  localities  in  which  box  pri^fies  are  used  but  not  always  prop- 
erly cared  for,  we  meet  with  conditions  which  are  more  favorable  to 
infection  with  the  hookworm  disease.  Accordingly,  in  cases  of  anemia, 
especially  in  women  and  children,  developing  in  such  localities,  unci- 
nariasis must  be  taken  into  consideration  as  one  of  the  possible  causes. 

Sandwith  (189F)  states  that  his  patients  came  from  all  parts  of  Egypt 
except  some  of  the  seaport  towns. 

As  we  go  into  the  country  and  visit  the  farms  we  not  infrequently 
find  a condition,  in  respect  to  the  disposal  of  fecal  discharge,  which 
almost  beggars  description.  Taking  the  rural  districts  visited  during 
my  recent  trip  as  example,  it  is  not  an  exaggeration  to  say  that  with 
the  exception  of  the  planters'  premises,  not  over  half  of  the  country 
houses  or  huts  of  the  sand  regions  have  any  privy  at  all;  if  there  is 
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one  present,  it  is  rareh^  properly  cared  for:  furthennon*  it  is  the  excep- 
tion rather  than  the  rule  that  it  is  used.  As  a result  uncinariasis  is 
widespread,  not  because  the  country  air  is  particularly  favorable  to 
its  develo])iuent,  but  simply  because  so  little  attention  is  paid  to  the 
proper  disposal  of  the  focal  discharo-es. 


SYMPTOMS  ARE  MOKE  SEVERE  IN  SIMMER  THAN  IN  WINTER. 


It  is  almost  universally  conceded  that  the  patients  are  in  better  con- 
dition in  winter  than  in  summer.  Accordino-  to  testimony,  the  .symp- 
toms begin  to  increase  in  the  spring  and  to  decrease  in  the  early  winter. 
This  periodicity  will  be  noticed,  of  course,  only  in  localities  which  are 
above  the  frost  line,  and  it  is  easil}’  explained  when  we  take  into  con- 
sideration the  biology  of  the  parasites.  Cold  retards  and  heat  hastens 
the  development  of  the  eggs  and  the  embryos;  a freezing  temjierature 
of  2d  to  48  hours'  duration,  it  is  said,  kills  both  ews  and  embrvos. 
Accordingly,  after  frost  sets  in  in  the  fall,  the  })atients  will  add  less  to 
the  infection  which  is  present  in  their  bowels  than  they  will  during  the 
summer.  Some  of  the  worms  already  in  the  intestine  will  be  jiassed, 
thus  decreasing  the  number  of  parasites  present;  the  patient  will 
accordingly  lo.se  less  blood  and  will  on  this  account  feel  somewhat 
better.  As  warm  weather  begins  in  the  spring  the  free  eggs  and 
embryos  will  develop  more  rapidlv  and  the  infection  will  he  increased. 
There  will  be  more  parasites  in  the  intestine,  hence  symptoms  will  be 
augmented. 

Some  few  patients,  however,  insist  that  they  are  better  in  summer 
than  in  winter. 

It  is  probable  that  the  seasonal  periodicity  of  the  symptoms  noticed 
in  our  Southern  States  will  be  moditied  in  the  Trojiics,  so  that  the 
.s3’mptoms  will  increase  in  severit}^  in  the  rainy  season  and  decrease  in 
the  drv  period  of  the  year.  Such  a periodicitv  would  corresjunul  to 
the  liiologic  fact  that  the  eggs  and  embrvos  perish  very  qiiicklv  upon 
becoming  diw. 

In  patients  who  are  not  subject  to  continued  infection,  as  for 
instance  those  who  have  left  the  area  of  infection,  the  sc'asonal 
periodicitv  may  be  expected  to  disappear. 


WIIITE.S  AI’PEAK  TO  BE  MORE  SEVERELY  AFFEtTED  THAN  NE<iROt>i. 

Osier  and  other  observers  havealreadv  noticed  that  chlorosis  is  mure 
freijiient  in  blondes  than  in  brunettes. 

Uncinariasis  occurs  in  both  blondes  and  brunettes,  and  in  liolh  the 
white  and  the  negro,  but  .so  far  as  mv  observations  go  tin*  disease  is 
more  severe,  liaf<f  more  mdietahh^  in  blondes  than  in  brunettes, 

and  much  more  severe,  as  a rule,  in  the  white  than  in  tin*  negro.  I his 
observation  was  sup])orted  l>v  all  the  (*vidence  I could  gather  from 
local  pln’sicians.  In  fact,  .several  jiractitioni'rs  declared  that  thev  had 
never  seen  a case  in  the  negro  to  recognize  it.  riiere  is,  however, 
abundant  evidence  that  such  cases  do  occur. 
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I am  at  a loss  for  a satisfactory  explanation  of  the  comparatiTe 
freedom  from  uncinariasis  noticed  in  the  neo-ro.  Thev  live  under  the 
same  conditions  as  the  poorer  classes  of  the  white  population,  except 
that,  as  a rule,  the  negro  farm  labor  is  more  common  in  the  rich  than 
in  the  sand  districts;  however,  negroes  also  live  in  infected  districts. 
It  is  true,  as  frequently  claimed,  that  some  of  the  negro  habitations 
are  more  clean  than  some  of  the  homes  of  the  poorer  whites.  Still, 
not  all  negro  huts  are  cleaner  than  all  white  huts.  The  personal 
habits  of  the  negro  children  are  certainly  no  more  hygienic  than  those 
of  the  white  bovs  and  girls. 

One  factor  which  may  possibly  play  a role  in  this  comparative  free- 
dom from  the  disease  on  the  part  of  the  negro  is  the  fact  that  negro 
women  very  frecpieutly  give  their  children  ‘’worm  tea,’’  made  from 
certain  plants,  in  order  to  expel  the  ’*  eelworm”  {Ascaris  lunibricoide-s)^ 
or  they  give  calomel  ’*  to  regulate  the  liver.’'  and  this  may  perhaps 
also  result  in  expelling  the  hookworms  before  the  latter  have  had  an 
opportunity  to  do  much  harm.  Still  this  explanation  is  not  altogether 
satisfactory,  especially  in  view  of  the  testimony  of  both  the  local  phy- 
sicians and  the  negroes  themselves  to  the  effect  that  eelworms  are 
much  less  common  now  than  formerly,  hence  ’’worm  tea'’  is  not 
taken  so  frequently  as  in  former  years. 

Chabert  (lS21a).  Jordan  (1S32).  Imray  (1SJ3).  Le  Conte  (1SJ5),  Duncan 
(1850),  and  other  authors  report  “dirt-eating"  among  the  negroes.  In 
fact,  nearly  all  early  authors  who  describe  “dirt-eating'’  lay  special 
stress  on  the  frequency  of  the  habit  among  the  slaves. 

In  conversation  with  a negro  druggist.  I was  informed  that  while 
dirt-eating  was  formerD  said  to  be  more  or  less  prevalent  among  the 
negroes,  it  was  an  acknowledged  fact  among  them  that  the  custom  had 
greatly  decreased  in  recent  j'ears.  In  connection  with  this  statement 
we  may  note  the  interesting  claim  by  Cotting  (1836a)  that  there  was  a 
reduction  in  dropsy  and  dirt-eating  corresponding  to  the  more  general 
use  of  calomel. 

Sandwith  remarks  upon  the  apparent  comparative  freedom  of  the 
negro  from  uncinariasis  and  anemia.  Zinn  and  Jacoby  (1896)  also 
refer  to  the  frequent  presence  of  Agchylostoma  duodencde  in  negroes 
of  Africa,  in  whom  the  anemia  was  not  prominent. 

Can  it  be  that  the  poison  produced  by  the  hookworms  has  less  effect 
upon  negroes  than  on  whites  and  that  on  this  account  the  disease  is 
less  severe  in  the  dark  races  \ 

OCCUPATIOX  OF  PATIEXT. 

It  is  generally  acknowledged  by  writers  on  uncinariasis  that  the 
disease  is  especially  prevalent  among  people  who  in  their  daily  work 
come  in  contact  with  earth.  In  fact,  the  malady  is  sometimes  called 
“ brickmakers'  anemia'’  or  “miners'  anemia.'’  Sandwith  mentions 
“peasants”  as  apparently  forming  the  majority  of  his  patients. 


5;^> 

In  my  own  work  1 was  surprisod  to  find  that  hookworm  disoa^o  was 
comparative!}^  light  and  comparatively  rare  among  th(‘  miiuM-s  1 exam- 
ined. Of  brickmakers  my  statistics  are  too  small  to  p«‘rmit  anv  gen- 
eralization. Two  examinations  out  of  eight  showed  ligdit  infections. 
Most  of  my  cases  were  from  the  farming  classes. 

Sandwith  emphasizes  the  fact  that  his  patients  came  from  the  ])oor(‘st 
class  of  the  community,  and  that  of  !^0(l  men  llMi  w(‘re  aceustonuHl  to 
work  with  their  hands  in  more  or  less  daini)  earth.  Of  th(‘se  llM)  men, 
152  were  agricultural  laborers;  18  were  masons  or  bi-ieklayers' 
laborers;  7 were  ‘bscavengers  of  street  refuse  and  of  cesspools,  accus- 
tomed to  emptying  with  their  hands  the  dry  contcmts  of  the  latter;” 
7 were  peddlers  of  unwashed  vegetables;  3 limestone  callers  and  scav- 
engers; 1 gardener;  1 fisherman  in  the  mud;  1 •\shadouf"  worker  at 
the  Nile  bank;  1 cofi'ee-stall  keeper;  3 readers  of  the  Koran;  1 black- 
smith; 1 shoeblack;  I beggars.  Sandwith  also  mentions  2o  eases 
among  policemen,  who  dated  their  illness  from  periods  of  life  when 
working  as  agricultural  lal)orers. 


SEVERE  CASES  ARE  MORE  COMMON  IN  WOMEN  AND  CHILDREN  THAN  IN  MEN  OVER 

TWENTY-FIVE  YEARS  OF  AGE. 

The  assertion  is  frequently  made  that  uncinariasis  is  moi'o  common 
in  men  than  in  women  and  children.  This  statement  may  b(‘  pm-fectly 
correct  in  mines  and  brickyards,  but  it  does  not  hold  good  for  tin* 
farming  localities  I visited,  Avhere  the  greater  jm'valence  of  s(‘V(‘re 
cases  in  children  than  in  adults,  and  in  women  and  children  than  in 
men  over  25  years,  of  age,  is  very  striking.  The  conditions  found,  in 
respect  to  this  point,  seem  to  be  due  to  four  factors  in  jiartiiailar, 
namely:  (1)  The  average  family  in  the  country  districts  numbm-s  from, 
say,  (>  to  12.  As  a rule,  2 or  3 of  these  can  be  calhal  adults,  and 
3 to  can  usually  be  classed  as  children  (including  minor  boys  and 
girls).  Since  there  is  a greati'r  number  of  childnm  than  adults  sub- 
ject to  infection,  we  should  naturally  (‘xpi'ct  to  tind  a gn'atm*  nnmb(*r 
of  cas(‘s  among  the  children,  and  our  ex]K‘ctations  an*  fully  realized. 
(2)  The  fact  that  children  and  women  })n*sent  a gnaifer  numlM*r  of 
casi's  than  do  the  adult  males  over  25  years  of  age  I am  inclined  also 
to  ex})lain  on  th(‘  g’round  that  the  foriiuM’  an*  at  hoiin*  more  than  are 
the  men;  tin*  ari'a  immediately  surrounding  tin*  housi*,  for,  say,  a nidins 
of  50  meters,  is  a more  common  jilaci*  for  (h*f(‘cati(m  than  an*  the  inon* 
distant  fields,  hence  it  is  more  seven*lv  inf(*sted  with  the  inti*cting 
agent.  Now,  whih*.  it  is  true  that,  among  certain  class(*s,  both  woim*n 
and  children  work  in  the  ti(*lds,  it  is  also  trin*  that  they  <lo  this  mneh 
less  than  the  men.  They  an*  at  home  inoiv,  th(*n*ton*  they  are  on  the 
more  intensely  inf(*ct(*d  area  for  a greati'r  l(*ngth  ot  time;  ln*nce,  m 
respect  to  actual  tiim*  th(*y  an*  mon*  subj(*ct  to  inl(*(*tion  than  ar«*  tin* 
men,  and,  other  things  being  equal,  th(*y  will  piM*s<*nt  a givatei*  num- 
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ber  and  a greater  proportion  of  extreme  cases.  (3)  The  children  in 
pla3nng  in  the  sand  around  the  house,  and  owing  to  their  more  careless 
personal  habits,  are  of  course  especial!}^  liable  to  infection.  (4)  The 
men  being  stronger,  are,  as  a rule,  better  able  to  withstand  the  effects 
of  infection.  An  interesting  and  important  fact  is  that  men  of  about 
20  to  24  seem  in  many  cases  to  more  or  less  outgrow  the  effects  of  the 
malad}".  They  give  a histor}-  of  medium  or  severe  infection  from, 
sa}%  10  to  18  years  of  age,  then  at  18  or  20  they  begin  to  improve, 
and  final!}"  appear  much  better,  although  their  features  and  physique 
still  show  the  effects  of  former  disease.  This  time  of  improvement 
corresponds  to  the  years  following  their  first  more  active  participa- 
tion in  work  which  takes  them  more  awav  from  the  house,  hence  to 
years  when  they  are  subjected  less  constantly  to  infection. 

Sandwith  states  that  nearly  all  of  his  402  patients  were  in  the  prime 
of  life,  between  20  and  40  years  of  age.  His  youngest  case  was  a boy 
of  6 years;  48  patients  were  between  10  and  20  years  of  age;  ITO 
patients  were  between  20  and  30  years  of  age;  140  were  between  30 
and  40  years  of  age;  21  were  between  40  and  50;  15  were  between  50 
and  60;  and  T were  above  60. 

Giles  reports  a case  of  a girl  4 years  of  age.  My  youngest  patient 
was  3 years  old. 

Of  Sandwith’s  402  cases  only  3 were  females.  This  statement  is  in 
striking  contrast  to  my  observations.  Sandwith  and  I made  our 
studies,  however,  under  totally  different  conditions,  for  his  patients  | 
came  to  his  hospital,  while  I went  to  the  homes  of  the  infected  persons. 
Possibly  this  will  explain,  in  part,  our  different  results,  for  he  states 
that  " ‘ women  have  not  yet  learned  to  apply  for  hospital  relief  in  the 
same  proportion  as  the  men.”  ! 

SEVERAL  CASES  ARE  LIKELY  TO  OCCUR  IK  THE  SAME  FAMILY.  ; 

Uncinariasis  commonly  occurs  in  groups  of  cases.  If  one  child  in  a ;j 
family  is  accused  of  being  a ‘‘dirt-eater,”  and  is  shown  by  physical  |, 
and  microscopic  examination  to  represent  an  extreme  case  of  unci- 
nariasis, an  examination  of  the  remaining  members  of  the  family  w"ill  i 

usually  show  that  most  or  all  of  them  are  suffering  from  anemia  in  ,j 

different  degrees,  and  the  microscope  will  disclose  infections  with  | 

Uncinaria.  This  condition  of  affairs  is  so  general  that  it  may  be  j 

looked  upon  as  the  rule  among  farming  classes,  while  the  occurrence  | 
of  isolated  cases  in  a family,  except  possibly  among  miners,  may  be  I 
looked  upon  as  the  exception.  Numerous  observations  could  be  cited 
in  support  of  this  view;  for  instance,  in  the  first  family  examined  in  | 
the  sand  district  near  Haile  Goldmine  only  one  member  had  the  repu-  f 
tation  of  being  a “dirt-eater,”  but  all  11  were  in  different  stages  of  | 
anemia.  In  a family  of  10  members  on  a neighboring  plantation  only 
1 was  noted  as  a resin-chewer,  but  all  10  were  anemic.  In  orphan 
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asylums  it  was  noticed  that  if  two  or  more  children  of  oiu‘  family 
were  present  and  one  child  was  affected,  the  other  childrt*n  were*  also 
affected.  In  fact,  in  eyery  instance  where  1 was  able  to  examine  the 
famih^  to  which  an  alleged  ‘‘  dirt-eater'’  or  resin  chewer " belonged, 
all  or  nearly  all  the  members  of  the  family  showed  an  anemia  with  the 
general  history  of  uncinariasis,  and  in  eyery  case  examiniul  micro- 
scopically the  eggs  were  found. 

Two  families  may,  howeyer,  liye  yery  close  together,  and  one  family 
may  .show  seyeral  seyere  cases  while  the  other  may  not  show  a single  case 
seyere  enough  to  be  suspected  symptomatically.  Thus,  on  one  planta- 
tion all  the  hands  examined  showed  uncinariasis,  while  the  [)lant(‘r's 
family,  of  much  more  cleanly  personal  habits,  did  not  exhibit  any 
signs  of  infection.  It  is,  howeyer,  more  common  to  find  that  where 
one  family  is  affected  other  families  of  the  .same  neiirhborhood  will 
show  infection,  proyided  of  cour.se  that  the  infected  family  in  (pies- 
tion  has  not  moyed  into  a city  or  a clay  district. 

The  occurrence  of  cases  of  uncinariasis  of  different  detrrees  of 
intensity  in  family  or  neighborhood  groups  is  easily  explained  l>y 
the  fact  that  in  a giyen  famih"  or  neighborhood  all  persons  ai’e  subject 
to  the  .same  general  conditions  of  infection,  but  owing  to  differences 
in  age,  daily  occupation,  personal  habits,  etc.,  .some  will  be  more 
subject  to  infection  than  others. 


OIUECTIVE  AM)  SUBJECTIVE  SYMPT03IS;  ANALYSIS  OF  SVMF»TOM.S. 


It  is  difficult  to  draw  a distinct  line  l)etween  the  subjectiye  and  tin* 
objectiye  .s};mptoms.  If  a patient  is  left  to  tell  his  own  story,  prac- 
ticalh’  all  that  the  obseryer  will  learn  is  that  the  patient  ‘M’eels  weak, 
has  a headache,  gets  dizz}^,  has  ffuttering  of  the  heart,  tinds  it  hard  to 
breathe,  feels  wor.se  in  summer  than  in  winter,  and  has  ‘misery'  in  tin* 
‘stomach.''’  In  medium  ca.ses  a few  judicious  (jiie-stions,  directed 
more  to  the  parents  than  to  the  patient,  will  as  a rule  bring  to  light  a 
hi.story  upon  which,  taken  in  connection  with  wliat  oik'  can  himself 
ob.sery(‘,  a ])robable  diagnosis  may  be  made.  As  a rub‘.  little  weight 
can  be  jilaced  ujion  the  statements  mach*  by  a ])atient  su tiering'  from 
an  .seyere  infection  of  uncinariasis.  lie  will  answei*  ‘‘yes"  or  “no" 
in  a most  contradictory  manner,  so  that  by  putting-  (juestion.s  in  ditler- 
ent  ways  it  is  practically  po.ssible  to  maki*  him  admit  or  (h*ny,  as 
desirc'd,  any  jiarticular  .symjitom.  It  is  chi(*lly  from  the  patient  s 
family  that  one  must  judgi^  of  what  the  p('rson  has  complained. 


ONSET  AND  I NC'L’ UATION. 


As  it  takes  the  ])arasit('s  four  to  six  wei'ks  to  reach  maturity  alter 


entering  the  .s}"stem,  the  earli(*r  .sym})t<nns  will  lx*  more  j)articularly 
gastro-intestinjd  (.see,  howc'yer,  ]>.  <)D),  and  eyen  it  tlic.^e  are  pre'^ent  in 
a marked  degree  we  caji  not  look  for  a diagnosis  by  microscopic 
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examination  of  the  feces  until  the  worms  beoin  to  lav  eofg-s.  It  is. 
however,  not  excluded  that  some  of  the  young  worms  might  be  passed 
in  the  stools  and  be  identified,  though  such  a chance  is  probably 
more  theoretical  than  practical.  In  an  experimental  case  of  infection 
through  the  skin.  Looss  showed  that  eggs  did  not  appear  in  the  feces 
until  71  days  after  infection.  According  to  Sand  with  (1891,  p.  1:2). 
Surgeon-Major  Giles  suspected  that  many  of  his  patients  in  Assam  had 
sufi'ered  from  fever  at  the  onset  of  their  malady,  and  he  was  confirmed 
in  this  impression  by  observing  pyrexia  in  the  monkeys  fed  on  hook- 
worm embryos. 

Looss  (1897.  pp.  911-915)  noticed  nausea  as  the  first  svmptom  in 
dogs  to  which  he  fed  the  larv»  of  Agchyhstoma  duodenale. 

Bentley  (1902  a)  practically  advances  the  view  that  ** ground  itch"  is 
the  primary  symptom,  and  since  Looss's  view  of  infection  through 
the  skin  is  correct,  at  least  for  some  cases,  some  cutaneous  symptom 
must  in  such  instances  be  the  first  symptom  of  imcinariasis.  (See 

p.  60.) 

STAGES  OF  rXCTXAEIASIS. 

Since  my  observations  of  each  patient  were  confined  to  one  or  two 
days,  they  would  not  justify  me  in  dividing  the  disease  into  stages. 
Lutz  (translated  by  Macdonald)  recognized  the  following  stages: 

I.  STAGE  OF  PVRELY  LOCAL  SYMPTOMS. 

(a)  Acute  form;  (6)  chronic  form. — The  s^Tiiptoms  are  similar  in  both  forms.  The 
disease  is  ret  limited  to  pains  and  disordered  digestion;  no  pallor,  no  rise  of  pulse. 

II.  STAGE  OF  SIMPLE  AXEAOA  OE  OLIGOCYTHEMIA  (CHLOKOTIC  STAGE). 

(а)  Acute  form. — 1.  Slight  degree:  Conjunctival  vessels  still  visible;  nails  and  lips 
pale  red;  pulse  increased  in  frequency;  no  blowing  murmurs  over  cardiac  area. 

2.  Higher  degree:  Conjimctivae  devoid  of  vessels;  nails  whitish;  lips  x>ale;  pulse 
frequently  veiA*  much  increased;  no  blowing  murmurs. 

(&)  Chronic  form. — Anemia  has  not  reached  the  highest  degree.  In  many  cases 
distinct  cardiac  hypertrophy  and  dilatation;  in  other  cases  disordered  valve  closure; 
seldom  both  combined.  Moderate  Increase  of  frequency  of  pulse. 

m.  DEOPSICAL  STAGE. 

(«)  Acute  form. — A high  degree  of  anemia;  pulse  small,  much  increased  in  fre- 
quency; no  blowing  murmurs;  edema  of  a hydremic  character. 

(б)  Chronic  form. — S^miptoms  of  cardiac  defects,  with  disturlied  compensation,  or 
of  fatt}'  degeneration;  distinct  symptoms  of  cyanosis;  dropsy  of  engorgement; 
anemia  of  varying  intensity;  disordered  nutrition. 

DERATIOX  OF  WCIXAEIASIS. 

In  speaking  of  the  duration  of  uncinariasis,  we  should  clearly  dis- 
tinguish between  the  duration  of  ca.ses  which  remain  in  the  infected 
areas,  and  the  duration  of  cases  which  after  once  becoming  infected 
move  to  uninfe.sted  districts  where  conditions  are  such  that  reinfection 
is  excluded. 
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In  the  former  instance  we  have  to  deal  with  cumulative  infection, 
taking  place  week  after  week  and  year  after  year,  hence  siicc(‘ssive 
generations  of  parasites  come  into  consideration. 

In  the  latter  instance  we  have  to  deal  with  the  individual  life  of  the 
parasites  which  are  present  in  the  patient  at  the  time  he  leaves  the 
infested  area. 

A failure  on  the  part  of  most  observers  to  distinguish  betwetui  th(‘S(* 
two  classes  of  cases  renders  the  published  data  less  valuable  than  thev 
otherwise  would  be  in  determining  the  duration  of  uncinariasis. 

In  my  own  observations,  I have  found  people  remaining  in  the 
infested  areas  who  gave  a history  of  the  disease  e.xtending  bac*k  for 
ten,  twelve,  and  even  tifteen  }’ears.  I have  further  tlm‘e  observations 
which  I consider  free  from  criticism  in  connection  with  j)atients  who 
presented  the  disease  six  years  (2  cases)  and  even  six  years  and  seven 
months  (1  case)  after  being  removed  from  the  source  of  infection.  I 
also  have  one  observation,  which  is  not  free  from  criticism,  upon  a 
patient  who  showed  the  disease  ten  years  after  entering  a hos])ital. 

Sandwith  (1894,  p.  15)  in  discussing  the  duration  of  illness  says — 

“Nearly  every  patient  said  he  had  been  ill  two  or  three  years  l>efore  adniiR>^ion. 
I find  among  my  notes  29  cases,  uncomplicated  by  other  diseases,  whert*  the  jiatient^ 
said  they  had  suffered  more  than  three  years.  Of  these,  13  had  been  ill  for  font 
years,  6 for  five  years,  3 for  six  years,  2 for  eight  years,  2 for  nine  years,  2 for  eleven 
years,  and  one  vowed  it  was  fifteen  years  since  the  commencement  of  his  symptoms. 

“It  may  be  safely  said  that  during  these  long  intervals  of  time  very  few  i)atient.>j 
had  any  rational  treatment.” 


It  is  probable  that 
infections. 


Sandwith's  cases  were 


subject  to  cumulativi' 


LENGTH  OF  LIFE  OF  THE  INDIVIDC.VL  PA KASITl->. 


It  is  already  established  that  for  every  hookworm  which  is  jiresent 
in  the  intestine  a separate  embryo  must  entiu*  the  body.  In  oth(‘r 
words,  the  eggs  which  the  female  worm  d(*posits  in  the  intestine  will 
not  develop  there  to  mature  parasites,  but  must  first  1m‘  discharged  in 
the  feces  and  undergo  certain  changes. 


It  is  further  clear  that  direct  autoinfection,  such  as  takes  place  in 
the  case  of  jiinworms  {O.rytu'ts  rermicnhtrix).  is  excludml.  hor 
instance,  suppose  a child  is  at  stool  and  .soils  his  tingiu-s  with  the 
feces,  which  contain  hookworm  eggs,  tlnm  puts  his  lingers  into  his 
mouth  and  swallows  the  eggs;  the.si*  ova  will  not  develop  in  the 
bowels  into  adult  worms. 

Whether  an  Unchuiria  egg,  which  happ<me<l  to  get  un(h‘r  the  linger 
nails,  could  reach  the  larval  infecting  stagi*  in  that  jilace  i.^  jierhajis  an 
open  (jue.stion.  So  far  as  I am  aware,  the  point  ha^*  n ver  Immmi 
studied,  but  what  is  already  known  about  this  group  of  jiane-ites  does 
not  lead  me  to  believe  that  such  a condition  would  be  es|M‘cially 


common,  although  it  does  not  semn  ab.solutcdy  impossibh*. 
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With  the  foregoing  premises  in  mind,  it  is  important  to  determine 
how  long  the  parasite  in  the  intestine  can  live.  Kegarding  the  Ameri- 
can hookworm,  Uvc inaria  americana.  I can  present  the  following 
data:  Of  children  at  the  Charleston  Orphan  Asylum  in  whom  I 
demonstrated  the  presence  of  Uncinaria  americana  microscopically, 
it  may  he  noted  that  8 children  had  been  in  the  orphan  asylum  two 
years  or  less;*d  children  had  been  in  the  asylum  between  two  and  three 
years;  2 children  had  been  in  the  asylum  six  years;  1 child  had  been 
in  the  asylum  six  years  and  seven  months. 

1 have  selected  the  Charleston  Orphan  Asylum  as  best  fulfilling  the 
conditions  desired  to  illustrate  the  point  at  issue.  The  refined  disci- 
pline. the  scrupulous  cleanliness,  and  the  general  hygienic  conditions 
noticed  are  such  that  local  infection  is  practically  excluded.  It  must 
be  admitted  that  some  persons  coming  in  from  the  country  might 
possibly  bring  on  their  shoes  a few  embryos,  but  such  a theoretical 
possibility  is  altogether  too  remote  to  explain  the  15  cases  found. 

For  all  practical  purposes  we  are  justified  in  assuming  that  the 
hookworms  which  these  15  children  had  in  them  when  I saw  them 
were  the  same  individual  worms  which  were  in  the  children  when  the 
latter  entered  the  asylum,  and  from  the  data  obtained  it  is  clear  that 
hookworms  of  the  species  Uncinaria  americana  are  capable  of  living 
six  years  and  even  six  years  and  seven  months. 

A sixteenth  child  (case  of  L.  B.)  examined  showed  a clear  clinical 
historv  of  uncinariasis  of  long  standing.  Her  condition  at  the  time 
of  entering  the  institution,  as  described  to  me  by  Dr.  Huger,  and  her 
present  complexion,  eyes,  stunted  growth,  and  inferior  mental  develop- 
ment leave  no  practical  doubt  in  my  mind  regarding  the  diagnosis. 
Xo  normal  eggs  were  found  in  her  stools,  despite  the  fact  that  1 made 
25  slides.  One  slide  showed  a single  abnormal  egg  which  had  evi- 
dentlv  been  dried  and  had  clung  to  the  slide  after  an  examination  in 
some  other  town.  1 do  not  know  this  gild's  complete  therapeutic  his- 
toiy  duidng  the  past  twelve  years,  but  from  the  absence  of  eggs  in  hei- 
st ools  it  is  necessary  to  conclude  either  that  the  worms  had  been 
expelled  by  the  drugs  taken  or  else  Uncinaria  americana  is  not  able 
to  live  twelve  years. 

Ashford  (see  Stiles.  1902b.  p.  210)  mentions  a case  where  a boy  "had 
been  the  host  of  the  worm  for  probably  ten  or  fifteen  years."  but  he 
does  not  state  that  during  this  time  the  patient  was  not  exposed  to 
further  infection. 

The  clinical  importance  of  the  length  of  the  life  of  the  parasite  is 
self-evident.  Suppose  a physician  in  the  North  has  an  anemic  patient, 
or  a physician  in  the  South  has  an  anemic  patient  who  lives  in  the  city 
or  in  a clay  district;  it  is  not  sufiicient  to  inquire  whether  he  or  she 
has  recently  been  exposed  to  malaria,  but  inquiry  should  extend  for 
eight  or  more  years  back  in  order  to  develop  the  fact  whether  she  has 
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(luring  this  time  visited  any  tropical  or  subtropical  sand  area.  If  such 
a fact  does  develop,  uncinariasis  is  among  the  pi-obabilitiivs  and  a 
microscopic  examination  of  the  feces  should  lu'  mach*. 

(JEXEKAL  EXTEKNAI.  AIM’EAHANCE. 

GENERAL  LACK  OF  DEVELOPMENT — STI  NTED  (iKOWTH. 

In  severe  cases  of  long  standing  the  ]>atient  is  iind(‘veloped  both 
physically  and  mentally.  A boy  oi*  girl  [2  to  14  years  old  may  Im‘  as 
small  as  the  average  child  of  b or  8;  a young  man  or  woman  of  is  to 
22  3^'ars  old  may  present  the  general  development  of  a child  12  to  lb 
3^ears  of  age,  but  the  face  may  appear  either  like  that  of  a child  or 
like  that  of  a veiw  old  person,  especially  like  that  of  an  elderly  dwarf. 
Similar  conditions  have  been  described  as  a s3unptom  of  dirt-(Miting. 


SKIN. 


The  skin  has  an  anemic,  waxy  white  to  a yellow  or  tan,  shriveled, 
parchment-like  or  tallow  appearance.  In  general  it  is  that  color 
known  in  the  South  as  a ‘"Florida  complexion.'’  In  some  cast's  of 
malaria,  if  one  trusts  too  much  to  the  apiiearance  of  the  skin,  In*  is 
likeh' to  be  misled  into  an  erroneous  diagnosis  of  uncinariasis,  but  tlu^ 
general  clinical  history  is  usually  sufficient  to  distinguish  Ix'tween 
the  two  diseases,  while  the  microscopic  examination  gives  a iiositive 
diagnosis.  (See  also,  Temperature,  p.  72.) 

Woundn  heal  d(ndi/. — Among  the  first  severe  cases  of  uncinai’iasis 
found,  I noticed  that  several  of  the  ])atients  wore  bandages.  Suspi'ct- 
ing  the  possibility  of  ground  itch  and  I’ecalling  Looss's  and  Ik'iit lew's 
theories  (see  below),  1 immediately  impiired  into  the  history  of  the 
sores.  According  to  the  testimony  of  the  patients  the  ulcers  pn'si'ut 
had  started  as  small  wounds  produced  mechanically:  the'  wounds  had 
failed  to  heal  promptly,  had  grown  woi’se,  and  were  now  about  a 
year  old.  This  same  story  was  ri'lated  to  nn*  by  (|uite  a numlu'r  of 
patients,  and  many  other  jiersons  sullering  fi'om  uncinariasis  assni’i'd 
UK*  that  in  their  cases  cuts  and  bruis(‘s  lu'ah'd  \’(*rv  slowly.  t(‘stimonv 


which  was  repeat(‘dly  corroborated  by  local  physicians. 

Cutaneous  lesions  atused  Inj  uneina luasts. — 4'ln'  stat(*nients  just  ma(h* 
lead  to  a consideration  of  certain  Vi(‘ws  recently  advanced  by  Looss 
and  Bentley. 

//DD.S'.v'.S'  iheonj  of  cutaneous  in  fedom.  Looss  (llHd)  has  shown  that 
if  a dro})  of  wat(*r  contaiidng  embryos  ot  Aac/iifh»stninu  dmtdt  ntdt  \s 
placed  upon  the  skin  an  itching  s(*nsiition  is  produc(‘d:  the  worms 
enter  the  hair  follicles,  and  from  theia*  they  s(‘cm  to  bore  into  tlie 
surrounding’  tissues.  Looss  further  advanct'd  th»‘  I’ather  stai’lhng 
oi)inion  that  the  larva'  then  reaclu'd  tin'  int('stine.  and  In'  reconnied 
observations  which  gave  a certain  amount  <jt  t)lausii)ilit v to  this  vn'w. 
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More  recently  (see  Sandwith.  190:2).  Looss  has  performed  ex^Deriments 
which,  so  far  as  can  he  judged  at  present,  demonstrate  the  correctness 
of  his  theory.  According  to  Sand  with  (I90d).  Looss  smeared  on  the 
back  of  a puppy  a mixture  of  charcoal  and  feces  in  which  hookworm 
larvw  had  been  bred.  Between  nine  and  ten  days  afterward  the 
puppy  died  and  was  found  to  have  anemia  of  most  of  his  organs,  and 
a plentiful  supply  of  young  hookworms  was  found  in  his  jejunum.  A 
second  puppy  was  treated  in  a similar  way  and  also  died  on  the  night 
between  the  ninth  and  tenth  days.  Upon  post-mortem  he  also  showed 
exactly  the  same  results.  A man  who  offered  himself  for  experiment 
was  also  similarly  treated  on  his  forearm,  and  in  his  case  the  first 
hookworm  eggs  were  discovered  in  his  feces  on  the  seventy-first  day. 

In  all  three  experiments  the  feces  were  regularly  examined  for  some 
weeks  prior  to  the  experiments,  so  that,  so  far  as  we  can  now  judge, 
the  results  must  be  accepted,  despite  their  very  startling  nature. 
Furthermore.  Looss  is  known  as  too  careful  an  investigator  to  permit 
any  foreseen  error  to  creep  into  his  conclusion. 

Somewhat  similar  results,  namely  the  entrance  of  embryos  into  the 
skin,  have  been  obtained  by  van  Durme  (190:2.  pp.  171-471)  in  ex])eri- 
ments  with  Strong yJoides  rtercoraJis  on  guinea  pigs,  and  it  is  needless 
to  insist  on  the  great  importance  of  Looss's  demonstration. 

Bentley  ^ theory  of  ground  itch. — In  line  with  Looss's  views,  Bentley 
(1902a)  has  made  certain  exceedingly  important  observations  and  , 
experiments,  the  logical  conclusion  of  which,  taken  in  connection 
with  Looss's  work,  seems  to  be  that  at  least  certain  forms  of  oTound 
itch  constitute  the  initial  symptom  of  uncinariasis.  Bentley  defines 
ground  itch  as  follows: 

Ground  itch — Synonyms:  Panighao,  vxiter  itch,  u'ater  pox,  water  sores,  sore  feet  of 
coolies — is  an  affection  of  the  skin,  confined  entirely  to  the  lower  extremities,  and 
probably  always  associated  with  the  presence  of  the  larvie  of  Anhjlostoma  diiodenale 
in  the  soil  of  the  affected  areas;  endemic  in  Assam  and  the  West  Indies  and  possibly 
present  in  other  parts  of  the  Tropics;  characterized  by  its  periodical  epidemic 
appearance  hi  the  infected  areas,  coincident  with  the  onset  of  the  rainy  season;  with  , 
typical  lesions  consisting  in  a primary  erythema,  followed  by  vesicular  eruption, 
which  frequently  liecomes  pustular  and  in  severe  cases  may  result  in  obstinate 
ulceration,  or  even  gangrene. 

Dr.  Seheult  (1900).  of  Trinidad,  has  suggested  that  the  disease  is  , 
probably  due  to  some  chemical  irritant  present  in  the  soil,  either  | 
natural  or  due  to  manure  used  in  cultivation.  Dr.  Dalgetty  (1901).  of  j 
South  Sylhet.  struck  by  the  resemblance  which  the  lesions  bear  to  r 
scabies,  and  finding  a mite  present  which  he  named  Rluzoglyphus  I 
ixirasiticus.  assumed  this  acarine  to  be  the  cause.  These  authors  and  lj| 
Bentley  (1902a)  seem  to  agree  that  ground  itch  is  a filth  disease  which 

^ ^ ^ ^ ^ :t~  T 

o During  the  proof  reading  of  the  jiresent  report,  Looss’s  (1903)  article,  detailing  i| 
his  brilhant  experiments,  has  appeared.  He  demonstrates,  beyond  any  question  of’,  ! 
a doubt,  the  correctness  of  his  contention  that  infection  with  hookworms  may  take  1 - 1 
place  through  the  skin.  1 
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is  increased  ))v  the  lack  of  care  o^iven  to  tin*  |)i*op(*r  dis])osal  of  alvine 
discharges. 

Bentley  found  in  a water  son*  a youig  worm  which  he  con- 

sidered to  be  identical  witli  Ajchijlosto)n<i  (himlcna/r.  Ib*  then  ])cr- 
formed  the  following  experiments — 

a.  Some  ordinary  soil  was  sterilized  by  heat,  and  after  beim'- 
moistened  with  sterilized  water,  was  infected  with  a small  (piantity  of 
fecal  matter  containing  numerous  oya  of  Ayclnjlnsfonui  dundennlt . 

}>.  A similar  preparation  of  soil  was  infected  with  a small  (juantity 
of  feces,  which  on  examination  was  found  to  be  free  from  hookworm 
infection. 

These  two  preparations  were  incubated  at  the  ordinary  tempei-ature 
of  the  air  for  about  a week,  when  sample  "'a"  was  found  to  be  swarm- 
ing with  laryal  hookworms  and  yarious  forms  of  bacteria  and  fungi, 
and  sample  was  similar  in  appearance  except  that  no  hookworm 
laryie  were  found. 

h^ach  sample  was  then  diyided  into  two  parts,  a'  and  and  //  and 
h" . Samples  a'  and  //  were  kept  moist,  while  a"  and  lA  were  g(*ntly 
dried  by  exposure  to  the  air  for  eight  hours.  Previous  experiments 
had  shown  that  six  hours  gentle  drying  at  ordinary  t(‘m})eratures  was 
sufficient  to  kill  the  hookworm  laryie.  After  remoisti'iiing  (A  and  h" 
with  sterilized  water,  the  four  samples  were  applied  to  the  wrists  of 
the  subjects  of  experiment  for  eight  to  nine  hours,  iind  then  they  were 
remoyed.  Fifteen  hours  after  the  first  application,  considerable  (‘ry- 
thema  with  a minute  papular  eruption  appeared  over  the  spot  to  which 
a'  had  been  applied;  within  twenty-four  hours  a distinctly  V(‘sicul:ir 
eruption  had  developed,  followed  by  i)ustules  exactly  r(*sembling  those* 
found  in  the  lesions  of  ground  itch.  In  the  otlu'r  cases  a faint  redden- 
ing of  the. skin  w’as  produced,  which  shortly  afterwards  disapj)eareil. 
A reexamination  of  sample  a'  now'  showed  that  no  live*  larva*  we*re* 
present,  although  e)ue*  or  two  eleael  worms  were  founel.  Sam])le*  <t" 
still  e*ontained  the  dead  larva*.  Ai)])arently,  the*re*fe)re*,  the*  live*  larva* 
a’  had  entered  the  skin  and  their  entry  hael  bee*n  fe>lle)we*el  by  le*sie)ns 
similar  to  the>se  found  in  w ater  sore. 

According  to  Bentley,  also,  it  is  pre)bable*  that  the*  ae-utene*ss  e>f  the 
inHammation  attenelingan  attae-k  of  the*  gre)uml  ite*h  is  large'ly  ge»ve*rne*el 
by  the  nature  e>f  the  organisms  whie*h  ace*e)mpany  eu*  fe)lle)W'  the*  lai'val 
hoe)kworms  in  their  }>assage  thre)ugh  the*  skin. 

Regarding  the  treatment  e>f  gre)und  itch,  Be*ntle*v  >avs  that  in  the* 
l)apular  and  early  vesie*ular  stage  e>f  the*  dise*ase*  the*  applieatieen  e>f  a 
strolig  solution  of  salicylie*  ae*id  in  e*e)lle)dion  e>r  me*t liy late*el  >j)ii’it  will 
cause  the  eruption  te)  dry  u]).  and  se>  e*ut  she>rt  the*  attack  ot  theelise*ase 
to  one  or  twe)  days.  If,  he^wever.  pus  has  fe)rmeel.  the*  o?dy  tri'atme*nt 
of  any  service  is  the  opening  up  and  disinfee*tie)fi  o\  the*  pustule*s  with 
pure  carbolic  acid,  silver  nitrate,  e>r  nitric  ae*iel,  and  the*  after  tre*atme*jit 
of  the  sore  as  an  ordinary  idcer.  In  cases  atteneled  with  great  swell- 
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ing.  inflammation,  and  tendency  tovrard  the  formation  of  sloughs,  free 
skin  incisions  and  the  use  of  hot  antiseptic  footbaths  are  indicated. 

Dalgetty  (1901.  p.  77)  advises  the  application  of  a strong  solution  of 
lime  and  sulphur:  strong*  phenyl  solution  is  also  beneficial,  and  a coat- 
ing of  coal-tar  acts  for  a time  as  a preventative  against  infection;  but 
when  once  the  vesicles  have  formed  pustules  are  sure  to  follow,  and 
then  the  only  remedy  is  to  open  them,  evacuate  the  pus,  and  thoroughly 
cleanse  them. 

An  anonymous  writer  (?  Dr.  Elliot,  of  Assam)  in  the  Journal  of 
Tropical  Medicine  (1900).  gives  the  following  directions: 

“ The  indications  are  to  get  the  case  as  soon  as  possible;  to  carefully  cleanse  the  foot 
by  soaking  it  in  warm  antiseptic  solution;  then  open  the  vesicles  with  sharp  pointed 
scissors,  snip  the  loose  skin  away,  and  finally  wash  the  parts  with  carbolic  acid  solu- 
tion (1  in  40),  and  treat  the  resulting  ulcer  with  carbolic  acid,  phenyle  oil,  extract 
of  paroh  leaf,  zinc  ointment,  etc.,  according  to  circumstances.  The  soaking,  wash- 
ing, and  dressing  operations  are  repeated  once  or  twice  daily,  and  healing  takes  place 
in  eight  or  nine  days  in  favorable  cases.” 

It  will  be  noticed  that  Bentley  doe.s  not  definitely  state  that  he  adopts 
Looss's  view  of  intestinal  infection  through  the  skin;  nor  does  he  defi- 
nitelv  state  that  the  hookworm  larvte  act  as  anvthing  more  than  carriers 
of  bacteria.  The  conclusion  would  therefore  seem  to  be  that  the  ground  ~ 
itch  with  which  he  was  dealing  is  a bacterial  infection  due  very  prob- 
ably to  fecal  bacteria.®  If  this  interpretation  is  correct,  its  dependency 
upon  uncinariasis  does  not  seem  to  be  proved,  although  its  occurence 
with  the  disease  would  seem  to  be  established. 

Additional  facts  (besides  Bentley's  experiment.s)  which  support 
the  view  that  the  ground  itch . with  which  he  was  dealing,  is  more  or 
less  connected  with  hookworm  infection  are  the  following: 

Ground  itch  occurs  in  the  warm  rainy  season,  especially  in  June, 
July,  August,  and  September,  and  does  not  occur  in  cold  weather, 
even  when  it  rains:  thus  the  seasonal  distribution  in  general  agrees 
with  the  infection  period  of  uncinariasis.  Grass-covered  soil  and 
smooth  beaten  roads  do  not  cause  it,  neither  does  working  in  loose  dry 
soil;  and  these  conditions  are  unfavorable  to  the  development  of 
uncinaria.sis.  The  number  of  cases  increases  after  a heavy  rain  and 
rapidly  decreases  during  a hot  spell,  a fact  which  agrees  with  the 
biologv  of  hookworms.  **  The  soil  itself  is  sandv,  with  clav  here  and 
there;  a belt  of  pure  sand.  TO  to  60  feet  thick,  lies  at  a depth  of  6 to 
18  feet  from  the  surface;*’  and  uncinariasis  is  preeminently  a sand 
disease. 

Still  the  question  is  not  quite  so  simple  as  would  at  first  appear,  and 
in  connection  with  the  subject  the  following  points  come  up  for  con- 
sideration: 

<^Looss  has,  however,  proved  that  certain  cutaneous  symptoms  follow  the  entrance 
of  hookworm  larvae  into  the  skin. 
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1.  Accordiiio-  to  Bentley,  ground  iteli  is  eontined  ontii’olv  to  tlio 
lower  extremities,  iind  other  juithors  state  tluit  it  rarely  extends  ahovt* 
the  ankles.  Aecording  to  the  physieians  in  Georgia  and  Florida,  it  is 
found  on  other  parts  of  the  body  also.  I saw  one  east',  said  to  In* 
t}^pical,  where  the  disease  was  eontined  to  one  arm.  Fnder  tln'st* 
conditions  is  the  panighao,  discussed  hy  Bentley,  identical  with  the 
so-called  "‘ground  itch”  which  is  so  common  in  the  southern  portion 
of  the  Fnited  States,  or  is  only  a part  of  the  American  “ ground  itclF'* 
produced  by  hookworm  larvae  ^ 

2.  If  ground  itch  is  the  initial  stage  of  cutaneous  infection  with 
uncinariasis  (as  Looss’s  and  Bentley’s  views  would  seem  to  indicate*), 
why  should  it  be  eontined  entirely  to  the  lower  extremities ^ If 
infection  b}’  uncinariasis  frequently  takes  place  through  the  skin, 
would  not  the  hands  and  arms  also,  especially  of  children,  and  more 
particularly  the  soles  of  the  feet  and  the  palms  of  the  hands,  the 
spaces  between  the  toes  and  fingers,  and  under  the  toe  nails  and  linger 
nails,  be  the  most  common  initial  points  of  ground  itch  in  cast*  this 
latter  is  an  initial  symptom  of  uncinariasis 

3.  On  the  same  premises  would  we  not  commonly  find  lesions  corre- 
sponding to  ground  itch  on  the  alxlomen  of  cattle,  sheep,  goats,  dogs, 
cats,  foxes,  seals,  and  other  animals  sutfering  from  uncinariasis^  1 
will  not  deny  that  such  lesions  occur,  but  I have  seen  many  cases  of  hook- 
worm  disease  in  certain  of  these  animals  and  I have  no  recollection  of 
having  observed  anything  which  corresponded  to  ground  itch.  If  it 
were  as  prominent,  in  the  animals  named,  as  the  typical  “ground  itch" 
of  man  which  1 saw  in  Georgia,  I doubt  whether  1 should  have  over- 
looked it.  Possibly  I did  not  have  recent  infections  before  me. 

4.  According  to  the  testimony  of  Georgia  and  Florida  ])hysicians 
“ground  itch”  is  exceedingly  common;  it  occurs  at  some  period  in  the 
life  of  practically  every  person,  unless  he  lives  exclusively  in  the  city: 
it  occurs  in  the  health}^  as  well  as  in  the  sickly,  and  in  persons  who 
neither  at  the  time  of  infection  nor  later  show  the  slightest  e\  idence 
of  anemia.  These  statements,  which  I have  rei)eatedly  heard  from 
Southern  physicians,  can  not  l)e  said  to  indicate  that  B(‘utU*y's  views 
are  applicable  to  all  cases  of  “ground  itch”  as  we  find  this  diM*as(*  in 
this  country. 

5.  “Ground  itch”  is  said  to  be  common  in  clay  districts  as  W(*ll  as  in 
sand  districts.  Fnder  th(*s(*  circumstances,  why  is  uncinariasis  so  pn*- 
eminently  a disease  of  the  sand  areas  ^ 

6.  Bentley  states  that  “gnnmditch”  is  probably  always  a>sociatetl 
with  the  presence  of  the  larvjc  of  A(fcJnilosfoma  dnn<l,  niiJt  in  the  >nil 
of  the  affected  areas.  Doubts  may,  however,  arise  as  to  whether  a 
sufficiently  wide  geographic  range  has  be(*n  (*xamiin'd  in  conni'ction 
with  this  point. 

In  view  of  the  al)ove  considerations,  it  will  be  well  to  remairj  open 
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to  conviction  awaiting  a more  thorough  demonstration  of  the  broad 
application  of  Bentley’s  interesting  and  valuable  views.  But  until 
better  proof  is  advanced  than  has  thus  far  been  brought  to  lU}^  atten- 
tion, I find  it  impossible  to  unreservedly  adopt  the  opinion  that  Amer- 
ican ground  itch  is  necessarily  connected  with  uncinariasis. 

While  not  opposing  the  theory  of  infection  through  the  skin,  but 
admitting,  on  the  contrary,  that  Looss  has  proved  his  point,  I 
ma}"  state  that  the  conditions  which  I saw  in  the  southern  portions 
of  the  United  States  do  not  indicate  that  any  indirect  method  of  intes- 
tinal infection  is  necessaiy  in  order  to  explain  the  severe  cases  of 
unciDariasis  observed.  The  average  bo}"  or  girl  suffering  from  this 
disease  is  not  conspicuous  because  of  personal  cleanliness.  Bath  tubs 
are  not  found  in  their  homes,  and  from  physical  examinations  I made 
1 can  testify  that  not  onh^  their  hands  and  finger  nails,  but  their  entire 
bodies  also,  are  far  from  a condition  unfavorable  to  parasitism.  Suck- 
ing the  fingers,  picking  the  teeth,  biting  the  finger  nails,  or  even  eat- 
ing a piece  of  bread  with  soiled  hands  will  usually  suffice  to  convey 
some  dirt  between  the  lips.  The  sand  on  which  the  children  play 
must  be  heavily  infested  with  hookworm  larvae,  and  it  certainly  can 
not  be  an  exceptional  occurrence  that  the  children  unconsciously  carry 
microscopic  worms  to  their  mouth.  F urther,  the  chances  for  infec- 
tion of  surface  wells,  from  which  the  drinking  water  is  taken,  are  very 
great  in  any  sandy  soil.  If,  however,  cutaneous  infection  were  the 
rule,  I should  expect  to  find  all  barefooted  children  in  the  infested 
area  suffering  not  onl}^  from  ground  itch  the  entire  summer,  but  also 
from  severe  infections  of  hookworm  disease. 

Hair. — The  hair  on  the  head  appears  to  be  about  normal,  but  in  cases 
contracted  before  puberty,  the  beard  and  the  hair  on  the  body  (pubis, 
armpits,  arms,  legs)  are  usually  undeveloped.  I have  seen  patients 
20  years  of  age  upon  whose  body  hairs  were  almost  absolutefy  lacking. 

Breasts. — The  breasts  of  females,  who  have  contracted  hookworm 
disease  before  puberty,  remain  more  or  less  undeveloped.  In  a girl 
of  20  years  of  age,  for  instance,  the  breasts  may  not  be  developed 
beyond  those  of  a girl  of  8 or  9 }^ears  old. 

Nails. — The  color  of  the  tissue  directly  under  the  nails  varies  with 
the  anemia. 

HEAD. 

Face. — The  face  has  an  anxious,  stupid  expression,  and  in  severe 
cases  is  more  or  less  “bloated”  (edematous). 

In  fact,  a prominent  S}unptom  of  uncinariasis  in  practically  all 
animals  in  which  it  occurs  is  the  development,  in  severe  cases,  of  a [ 
more  or  less  extreme  edema.  To  use  the  rural  vernacular,  “the  face  i' 
bloats,”  and  “the  feet  and  ankles  swell.”  The  s}^mptom  in  question  . 
is  more  or  less  irregular  in  man  as  it  is  in  other  animals,  notabfy  in  ■ 
sheep,  appearing  and  disappearing  at  intervals.  Upon  several  occa- ’ 
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sions  1 ^vas  informed  that  this  symptom  intorfei’cd  seriously  with  the 
school  attendance,  for  if  the  children  sat  still  a loin^  time  \u  school 
‘‘the}"  began  to  swell/’  Quite  generally,  as  was  to  be  ex})(‘cted, 
testimony  was  to  the  effect  that  the  edema  was  less  freipieut  \w  the 
winter  than  in  the  summer. 

Eijelida;  conjunctivse. — An  examination  of  the  eyelids  exhibits  the 
visibility  of  the  blood  vessels  in  light  cases,  but  an  absolute  marble 
whiteness  in  very  severe  cases,  with  all  possible  intermediate  stages 
corresponding  to  the  general  degree  of  anemia. 

Eyes. — While  looking  at  the  eyelids  for  anemia,  the  observer  fre- 
quently notices  that  the  pupils  are  dilated  or  that  they  dilate  readily 
and  that  the  eyes  are  dull,  dry,  and  usually  of  a chalky  white.  If  the 
patient  is  directed  to  stare  intently  into  the  observer’s  t*yes,  there  will 
be  noticed  a symptom  which  it  is  difficult  to  describe,  but  which  I have 
found  more  constant  than  almost  any  other  noticed,  namely:  After  a 
moment,  the  length  of  time  apparently  varying  slightly  according  to  the 
degree  of  the  disease,  the  pupils  dilate  and  the  patient’s  eyes  assume  a 
dull,  blank,  almost  stupid,  ffsh-like  or  cadaveric  stare,  very  similar  to 
that  noticed  in  cases  of  extreme  alcoholic  intoxication.  1 am  not  familiar 
enough  with  the  stare  of  anemic  patients  in  general  to  state  how 
common  this  peculiar  look  is  among  them,  nor  have  1 found  any  of  my 
medical  friends  who  could  give  me  much  information  on  this  subject; 
but  I can  state  that  among  the  several  scores  of  anemic  people  whom  I 
examined  on  this  trip,  in  the  severe  cases  with  two  exceptions,  1 found 
the  egors  of  Uncinaria  americana  in  everv  one  (whose  feces  were  ex- 
amined)  in  whom  I observed  that  indescribable  stare;  the  two  excep- 
tions in  (piestion  were  city  boys,  both  of  them  sons  of  a contirmed 
inebriate;  further  I failed  to  find  the  eggs  present  in  certain  (‘xtreiiudy 
anemic  patients  in  whom  the  stare  was  not  noticed.  It  certaiidy  was 
absolutely  absent  from  a number’of  typical  cases  of  malaria,  d'oward 
the  end  of  the  trip,  I found  myself  unconsciously  relying  more  upon 
the  presence  or  absence  of  the  blank  stare  than  upon  any  other  single 
symptom,  except  of  course  the  presence  of  the  eggs  in  the  stools. 

I will  not  go  to  the  extent  of  stating  that  this  stare  is  diagnostic  for 
uncinariasis  (and  I will  even  warn  that  in  dark  eyes  it  is  less  evident 
than  in  eyes  of  light  color),  for  1 do  not  feel  that  I have  had  expm’i- 
ence  enough  with  the  peculiarities  of  eyes  in  various  diseases  to  speak 
authoritatively  upon  the  subject.  I sini})ly  mention  this  pt'cul- 
iarity  in  connection  with  the  discussion  of  the  eye  as  a sym])tom 
which,  as  my  investigations  progressed,  mad(‘  moi'i*  and  mon*  of  an 
impression  upon  me.  Kpon  calling  the  attention  ot  sevm  al  local  physi- 
cians to  this  peculiar  stare,  they  informed  mi*  that  it  was  a totally  now 
symptom  to  them,  but  that  after  (‘xamining  several  cases  they  found 
it  a very  prominent  symptom.  As  a general  rule  tlu'  eyes  in  advanced 
stages  are  drv.  In  this  connection  it  may  be  noticed  that  sevenil 
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authors  have  mentioned  the  glassy  appearance  of  the  eyes  of  dirt- 
eaters. 

Since  my  return,  several  of  my  clinical  friends  with  whom  I have 
discussed  this  symptom  have  expressed  some  skepticism  in  regard 
to  the  matter.  Although  thoroughly  convinced  of  its  existence,  for 
1 saw  it  too  frequently  to  be  deceived,  1 have  written  to  several 
Southern  clinicians  requesting  them  to  give  me  the  benefit  of  their 
independent  observations  on  this  point.  Up  to  the  time  of  reading 
‘‘galley  proof”  of  this  report  the  following  replies  have  been  received: 

[Extract  from  a letter  from  Dr.  Hilsman,  January  2,  1903.] 

“Replying  to  your  letter,  24th  ultimo,  I have  to  say  that  I have  examined  the 
patients  that  we  satv  in  the  country,  and  on  making  them  gaze  intently  at  me  as  you 
directed,  I observed  the  vacant  stare  that  you  described,  but  did  not  observe  the 
dilation  of  the  pupils.  The  stare  is  very  much  like  that  of  an  epileptic  as  he  begins 
to  recover  from  a fit. 

“These  cases  have  improved  under  treatment  suggested  by  you.  The  little  girl 
passed  a large  number  of  the  worms.” 

[Extract  from  a letter  from  Dr.  M.  A.  Clark,  January  30, 1903.] 

“I  have  delayed,  hoping  to  find  the  eye  symptom  you  mention,  but  I have  not  yet 
found  it.  My  cases  are  improving  slowly.” 

Dr.  James  Edward  Stubbert,  of  New  York,  who  spent  some  years 
in  Central  America  and  has  seen  many  cases  of  hookworm  disease,  has 
stated  to  me  that  he  has  frequently  observed  the  peculiar  stare  in  the 
eyes  of  dirt-eaters. 

In  this  connection  it  is  also  not  uninteresting  to  note  that  some 
“worm  doctors”  claim  to  la}^  special  stress  upon  the  eye  in  making 
their  diagnoses;  also  that  dilation  of  the  pupil,  due  to  irritation  by 
intestinal  worms  as  well  as  to  anemic  conditions,  is  recognized  by 
certain  prominent  writers  on  the  eye;  further,  that  dilation  of  the 
pupil  is  also  a symptom  upon  which  many  children’s  nurses  depend 
in  suspecting  the  presence  of  worms. 

Sandwith  (1891,  p.  12)  states  that  the  eyes  of  his  patients  showed  a 
pearly  white  conjunctiva,  singularly  in  contrast  with  the  yellow  color 
of  the  face.  Dr.  Scott  examined  several  men  for  him  with  the 
ophthalmoscope,  and  found  in  half  of  them  a normal  fundus,  and  in  the 
other  half  a very  pallid  fundus.  The  refraction  tests  showed  astig- 
matism in  many  cases. 

Nostrils. — The  visible  mucous  membrane  of  the  nostrils  becomes 
pale  in  proportion  to  the  anemia. 

Lips  and  gums. — The  lips  also  become  pale  in  proportion  to  the 
anemia,  the  inner  surface  of  the  lips  and  the  outer  surface  of  the  gums 
frequently  presenting  almost  a chalky  white  appearance. 

Teeth. — Irregularity  of  the  teeth  was  so  common  among  patients 
affected  with  uncinariasis  that  the  question  arose  in  my  mind  whether 
this  was  not  to  some  extent  an  expression  of  the  general  underdevel-' 
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opment  of  the  body  due  to  this  disease.  The  point  at  issue  calls  for 
the  opinion  of  a dentist  rather  than  that  of  a zoolojrist.  The  decayed 
teeth  of  dirt-eaters  have  been  recorded  in  earlv  writincfs  on  this  habit. 

Tongue. — In  some  cases  the  tongue  was  coated.  A number  of 
observers  have  already  called  attention  to  this  symi)tom,  which  was 
In^  no  means  general  in  the  cases  I observed. 

Several  authors  have  remarked  upon  the  presence  of  black,  brown, 
or  purple  spots  on  the  tongue  in  cases  of  uncinariasis,  and  the  view 
has  been  advanced  that  these  present  a valuable  aid  in  diagnosis,  and 
in  some  cases,  at  least,  that  they  disappear  on  treatment.  In  tlie 
cases  which  came  under  my  observation,  I looked  very  carefully  for 
this  s^uiiptom.  In  many  instances  I found  more  or  less  distinct 
purplish  to  brownish  spots,  irregularly  round  or  elongate  in  shape, 
and  these  may  or  may  not  be  identical  with  the  spots  desci*ibed  by  the 
authors  cited.  It  was,  however,  noticeable  that  in  many  cases  where 
the.se  spots  were  observed,  the  patients  were  accustomed  either  to 
chewing  tobacco  or  to  dipping  snuff.  In  fact,  some  of  the  spots  in 
question  I am  inclined  to  refer  to  the  use  of  tobacco  or  snuff. 
Whether  all  cases  are  to  be  explained  in  this  way  is,  however,  open 
to  question,  with  probabilities  against  such  explanation.  Neverthe- 
le.ss,  it  is  well  for  practitioners  to  be  forewarned  upon  this  chance 
of  error  in  diagnosis.  Several  authors  have  assumed  that  the  spots 
on  the  tongue  represent  a symptom  which  has  only  recently  been 
ob.served  in  this  disease.  In  this  connection,  it  is  interesting  to  note 
that  early  authors — for  instance,  Cmgin  (1836a)  and  Imray  (1813) — in 
writing  upon  dirt-eating  have  de.scribed  these  same  spots. 

NECK. 

The  cervical  pulsations  are  often  verv  evident,  and  in  some  cases 
may  be  seen  from  6 to  12  feet  away.  (See  Circulatory  .system,  ]).  72.) 

THORAX. 

In  emaciation  the  thorax  corresponds  to  the  general  emaciation  of 
the  extremities.  In  .some  ca.ses  the  ribs  are  very  prominent.. 

Heart. — See  page  72. 

BreasU. — See  page  61. 

ABDOMEN. 

Pot-hell or  huttermilk-helly T dropsy ^ and  tympanitr.t. — The  con- 
dition known  as  ‘‘pot-belly”  or  “ buttermilk-l)elly  ' is  exceedingly 
common  in  uncinariasis,  especially  in  extreme  cases  in  summer.  It  is 
a di.stension  of  the  abdomen,  due  apparently  to  two  factors:  (1)  a 
gaseous  distension  of  the  bowels,  and  (2)  the  presence  of  an  excess  of 
fluid  in  the  abdominal  cavity. 

I hasten  to  add  that  I have  not  seen  a single  autopsy  in  man  infeettvi 
with  uncinariasis,  but  the  .same  abdominal  distention  is  found  i: 
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animals  suffering  from  this  disease,  and  a number  of  post-mortem 
examinations,  especially  on  sheep,  have  given  the  conditions  described. 

Lutz  mentions  flatulence  of  the  lower  abdomen  as  a common  symp- 
tom, and  Sandwith  (189d,  p.  11)  found  it  present  to  a slight  extent  in 
one-third  of  the  cases. 

Hair. — See  page  61. 

Genitcdia. — See  page  78. 

EXTEEMITIES. 

Nothing  of  any  particular  note  was  observed  in  connection  with  the 
bones;  for  the  muscles  see  p.  73.  In  many  cases  the  feet  and  ankles 
were  swollen,  and  in  several  cases  the  legs  were  marked  with  ulcers. 
See  p.  59. 

According  to  Sandwith  (1891,  p.  12),  edema  of  the  legs,  like  albu- 
minuria, is  to  be  seen  only  in  the  worst  cases,  and  some  of  these  had 
general  edema  when  admitted  in  a dying  condition. 

GENITALIA. 

See  page  78. 

MUCOUS  MEMBRANES. 

All  mucous  membranes  correspond,  in  respect  to  their  color,  to  the 
grade  of  anemia.  (See  Eyelids,  p.  65;  nostrils,  p.  66;  lips  and  gums, 
p.  66;  tongue,  p.  67;  genitalia,  p.  78.) 

EXCRETIONS  AND  SECRETIONS. 

URINE. 

I have  no  observations  to  record  in  regard  to  the  urine.  Sandwith 
(1891,  p.  11)  states  that — j 

“The  urine  is  not  unlike  that  of  ordinary  anemia,  neutral  or  alkaline  in  equal 
proportion,  and  rarely  acid,  pale  colored,  Avith  specific  gravity  ranging  from  1010  , 
to  1015.  A trace  of  albumen  A\'as  present  in  all  the  most  advanced  cases,  Avithout  ■ 
casts  under  the  microscope.  ’ ’ 

According  to  Zinn  and  Jacoby  (1898,  p.  16),  Lussana  (1890)  found 
in  the  urine  of  patients  suffering  from  uncinariasis  a poisonous  sub-  I 
stance  of  the  nature  of  a ptomaine,  Avhich  caused  extensive  changes ; 
in  the  rabbit’s  blood,  especially  a change  in  the  number  of  red  blood : 
corpuscles,  and  also  poikilocytosis.  These  results  are  said  to  have! 
been  confirmed  by  Arslan  (1892). 

I 

FECES. 

Consistency. — The  feces  ma}^  be  hard  or  soft,  according  to  the  pres-|j 
ence  of  constipation  or  diarrhea.  ij 

Reaction. — In  reaction  the  feces  ma}^  be  acid,  alkaline,  or  neutral,  if 

Color. — In  a large  proportion  of  medium  and  severe  cases,  the  feces:  • 
are  reddish  to  brown  in  color.  In  some  cases  blood  is  present.  i 
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Blotting  paper  text. — In  al)out  8 out  of  10  modiuin  and  severe  cases, 
if  a portion  of  the  feces  is  placed  ui)on  white  hlottino-  paper,  and 
allowed  to  remain  there  for  twenty  minutes  to  several  hours,  it  leavc‘s 
on  the  paper  a reddish  brown  stain  similar  to  a blood  stain.  This 
test  will  be  found  useful  by  physicians  who  are  not  prepared  foi- 
microscopic  tests. 

Microscopic  exarninat ion. — If  feces  less  than  twenty-four  hours  old 
are  examined  microscopically,  the  eggs  will  be  found  in  various  stag(‘s 


of  segmentation.  If  feces  over  twenty-four  houi’s  old  are  examin(‘d 
the  free  embryos  also  are  usually  found.  If  free  embryos  are  found  in 
perfectl}^  fresh  feces,  the  diagnosis  of  infection  with  the  worm  (Sfron- 
gyloides  stercoral i-^^')  of  Cochin-China  diarrhea  must  be  made,  and  this 
parasite  we  ma}'  tind  in  the  same  patient  in  whom  uncinariasis  is 
present. 


CIRCULATORY  SYSTEM. 


The  symptoms  of  the  circulatory  system  are  the  most  mai’ked  and 
most  common;  thc}^  seem  to  develop  after  the  svmptoms  of  the  diges- 
tive system,  but  before  those  of  the  nervous  system. 


ANEMIA. 


In  all  medium  and  severe  cases,  the  anemia  is  what  tirst  attracts 
attention.  This  varies  in  intensity  not  onh’  in  pioportion  to  the  degree 
of  infection,  l)ut  also  to  a considerable  extent  in  ])roportion  to  the 
length  of  the  period  of  infection.  For  instance,  100  worms  may  be 
expected  to  produces  a greater  anemia  within  a given  time,  say  one 
year,  than  will  50  parasites.  But  50  worms  may  be  expected  to  pro- 
duce more  anemia  in  two  years  than  in  one. 

In  some  niedium  cases,  the  blood  vessels  of  the  conjunctiva*  may  be 
more  or  less  visible,  and  the  visible  mucous  membranes  of  the  nose, 
mouth,  and  vulva,  may  be  more  or  less  of  a normal  or  subnormal 
color.  In  the  extreme  cases,  these  structures  may  be  as  white  as 
marl)le  or  paper.  In  the  same  way  the  color  of  the  skin  will  vary 
(see  Skin,  p.  59;  Nails,  p.  (U)  from  an  almost  natural  hue  to  a whitish, 
lemon  yellow,  or  tan  color. 


^'This  worm  is  })rol)ubly  much  more  common  in  tliis  country  than  snpposiMl.  The 
cases  known  to  me  to  (hit(*are:  Ikiltimore,  Md. — 1 caj^e,  1 <h*ath;  reporte<l  hy  Strong, 
IhOl.  Richmond,  Va.—l  case,  0 deatli;  reported  l)y  Thayer,  .\nne  Arundel 

County,  Md. — 1 case,  0 death;  report(*d  l>y  Thayer,  W;u'^hin;;ton,  I>.  C. — 4 

cases,  0 death;  iin})uhlished,  Zool,  Lah.,  Ih  S.  Public  Health  and  Marine-Hospital 
Service.  Ohio— 1 case,  0 death;  uniniblished.  Hr.  A.  P.  ()hhnacln*r  (mentioiUMl 
here  l)y  kind  permission  of  the  observer).  San  trancisco.  Cal. — .{  »'a.'^*s,  * deaths; 
unpulilished.  Dr.  1*.  K.  Jirown  (mentioiu'd  hen*  by  kind  jiermis'^ion  ot  the  observer). 
Cuba — ? ca.ses,  ? deaths;  unpublished,  Dr.  John  (iuiteras  (mentioned  ln*n*  by  kind 
permission  of  the  observer).  Porto  Rico — ? cases;  ? deaths;’unpublishe«l,  Dr.  1 . K. 
Brown. 
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Blood. — I did  not  stop  fo’’  blood  counts,  as  these  have  been  made 
by  other  men,  and  while  they  are  exceedingly  interesting  from  a path- 
ological standpoint  they  have  not  appealed  to  me  as  so  direct  a method 
of  diagnosing  intestinal  parasites  as  is  the  fecal  examination.  In  gen- 
eral it  may  be  said  that  the  blood  of  man  corresponds  to  the  blood  of 
sheep,  goats,  cattle,  dogs,  etc.,  suffering  from  the  same  disease;  in 
other  words,  the  severer  and  longer  the  infection,  the  thinner  the 
blood.  In  the  vernacular  of  the  sandlapper,  it  is  ‘4ike  water.”  It 
may  here  be  added  that  in  early  literature  on  dirt-eating,  several 
authors  remark  upon  the  water-like  appearance  of  the  blood. 

Speaking  in  more  technical  language,  the  blood  has  been  shown  by 
Ashford  to  possess  the  following  characteristics: 

‘‘(1)  A severe  anemia,  falling  as  low  as  that  of  Addison’s  anemia  in  count  of  red 
cells  in  some  cases.  (2)  A very  low  hemoglobin  average  and  a very  low  color  index. 
(3)  A marked  eosinophilia  in  some  cases;  40  per  cent  reached  in  one  case.  This 
follows  the  observation  of  Xeusser.  (4)  Xo  leucocytes  common  to  the  disease  itself. 
Leucocjdosis  recorded  is  always  apparently  due  to  complications,  as  noted.  (5)  Fre- 
quent presence  of  normoblasts,  and  in  some  cases  megaloblasts,  but  never  a majority 
of  megaloblasts.  (6)  Poikilocytosis  common.  Manson  denies  this.” 

Ashford  gives  the  following  interesting  table  of  blood  counts: 


Schedule  of  blood  cxomimttious. 
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Cervical  pulsations. — In  the  rural  vernacular,  ‘‘jerking  at  the  neck” 
or  “jumping  at  the  neck”  refers  to  an  anemic  symptom  which  is 
exceedingly  prominent  in  most  medium  cases  and  in  all  extreme  cases 
of  uncinariasis.  It  is  simply  the  violent  pulsations  of  the  cervical 
vessels,  visible  sometimes  at  a distance  of  2 to  4 meters. 

Heart. — Nearly  all  medium  and  severe  cases  complain  of  having 
“heart  disease”  or  a “fluttering  of  the  heart,”  and  many  of  the 
patients  are  taking  medicine  for  this  symptom.  (See  also  p.  35.)  We 
have  here,  of  course,  the  usual  cardiac  symptoms  of  an  extreme  anemia. 

“Palpitation  over  the  heart,  in  the  epigastrium,  and  in  the  temporal  arteries  is  sure 
to  be  present  in  bad  cases,  while  the  anemic  murmurs  of  heart  and  neck  are  solely 
dependent  upon  the  degree  of  anemia,  and  can  be  banished  by  a prolonged  course  of 
iron.  Hypertrophy  of  heart  was  noted  and  verified  after  death  in  some  of  the 
advanced  cases.”  (Sandwith,  1894,  p.  12.) 

Pulse. — Pulse  varies  from  80  to  132  per  minute.  In  medium  and 
severe  cases  I noticed  about  120  per  minute  probably  more  frequently 
than  either  a higher  or  a lower  pulse.  This  was  found  in  young  and 
middle-aged  (probably  more  commonly  in  children),  in  males  and 
females,  and  j^et  without  a temperature  which  was  distinguishable  by 
the  hand  as  especially  high. 

TEMPERATUKE. 

Not  being  able  to  follow  any  cases  for  any  length  of  time,  hence  not 
being  able  to  make  continued  observations  on  the  temperature,  I con- 
sidered that  observations  in  other  lines  were  more  important  under  the 
circumstances.  Hence  I did  not  take  temperatures  carefully.  Accord- 
ing to  observations  by  various  clinicians,  there  may  be  subnormal  or 
normal  temperature,  or  the  thermometer  may  register  100°  to  102°  F. 

“The  skin  is  always  cold,  and  the  temperature  before  thymol  generally  subnormal 
in  uncomplicated  cases.  After  excluding  any  fever  produced  by  concurrent  diseases 
and  any  defervescence  caused  by  thymol,  I find  that  one-third  of  my  patients  had  a 
normal  temperature  during  their  stay  in  the  hospital,  but  that  two-thirds  had  a dis- 
tinctly subnormal  range,  varying  from  an  average  of  36.3°  C.  a.  m.  to  36.9°  C.  p.  m. 

“Many  of  these  patients  when  convalescent  had  an  increase  of  half  a degree, 
night  and  morning. 

“Surgeon-Major  Giles  suspected  that  many  of  his  patients  in  Assam  had  suffered 
from  fever-at  the  onset  of  their  malady,  and  he  was  confirmed  in  this  impression  by 
observing  pyrexia  in  the  monkeys  he  fed  on  anchylostoma  embryos.  After  elimi- 
nating all  those  who  had  fever  in  the  hospital,  or  a history  of  intermittent  fever  or 
any  enlargement  of  the  spleen,  I found  that  68  per  cent  of  the  remaining  stated  that 
their  trouble  had  begun  with  a few  days’  fever.”  (Sandwith,  1894,  p.  12.) 

RESPIRATORY  SYSTEM. 

NOSTRILS. 

See  page  66.  ' 

RESPIRATION. 

Many  patients  complain  of  a difficulty  in  breathing,  especially  after 
exertion.  This  symptom  is-  quite  natural,  in  view  of  the  low  condi- 
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tion  of  the  blood  and  the  emaciation  of  the  muscles.  Respiration  is 
rather  variable  and  does  not  appear  to  be  a symptom  of  very  ^reat 
value;  it  ma}^  be  slow,  or  it  may  be  increased  to  about  3t»  or  more  per 
minute.  According  to  Sandwith  (1894,  p.  12)  dyspnea  and  noises  in 
the  ears  were  present,  as  might  be  expected  with  marked  anemia. 

MUSCULAR  SYSTEM. 

EMACIATION. 

A progressive  emaciation  is  more  or  less  common,  especially  in 
severe  cases.  The  arms  and  legs  seem  to  be  reduced  to  skin  and 
bones;  the  chest  is  so  emaciated  that  the  ribs  are  very  prominent  and 
the  beating  of  the  heart  is  very  evident.  What  little  muscle  is  left 
is  soft  and  tiabby. 

Emaciation  is,  however,  not  present  in  all  cases,  and  even  in  some 
medium  infections  the  muscles  may  be  well  formed  and  more  or  less 
hard.  I recall  one  case  in  particular:  A bov  about  14  who  showed  a 
heavy  infection  microscopically,  a clear  clinical  history  of  uncinariasis 
of  several  years  standing,  decided  anemia,  distinct  cervical  pulsations, 
abdomen  rather  distended  (‘'pot-bellied"),  yet  his  arms  and  legs  were 
well  formed  and  his  muscles  surprisingly  solid  for  a patient  in  his  con- 
dition. 

Sandwith  (1894,  p.  13)  found  the  average  weight  of  100  grown  men 
upon  admission  to  the  hospital  to  be  117.5  pounds;  the  average  height 
of  these  men  was  5 feet  5.5  inches,  which  by  Dawson's  tables  should 
scale  at  least  135  points.  Of  the  patients  who  stayed  in  the  hospital 
more  than  two  weeks  7t>  per  cent  gained  weight,  22  per  cent  lost,  and 
8 per  cent  remained  stationary.  The  average  loss  of  weight  was  3.2 
pounds,  and  was,  of  cour.se  cau.sed  by  the  nece.ssary  starvation,  thymol, 
and  purging.  The  average  gain  was  5.4  pounds,  .some  patients  gain- 
ing as  much  as  15,  17,  18,  or  2<»  pounds. 

GRE.\T  PIIY.SICAL  WEAKNES.S. 

One  of  the  most  pronounced  .symptoms  <*omplained  of  is  a general 
weakim.-^s.  The  patient  states  that  he  is  obliged  to  rest  after  e.xm*- 
tion.  In  light  eases  a feeling  of  la.ssitude  is  experienced  without 
being  able  to  a.ssig^n  it  to  any  particular  cause;  as  a n'siilt.  it  is  gener- 
all}’  a.s.signed  by  other  people  to  laziness.  In  medium  casi‘s  the  patient 
may  be  able  to  work  one  to  three  or  four  hours  before  lH*coming 
exhausted;  in  verv  .severe  cases  he  will  scarcelv  lu*  able  to  walk  across 
the  room,  or  he  may  be  confined  U)  the  b<*d  for  weeks  at  a time. 
A physical  examination  usually  shows  an  emaciation  proportionate  to 
the  weakness. 
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DIGESTIVE  SYSTEM. 

LIPS,  GUMS,  TEETH,  AND  TONGUE, 

See  p.  66. 

NAUSEA. 

Nausea  was  not  noticed.  Sandwith  (1894,  p.  11)  states  that  vomiting- 
and  nausea  are  rarel}"  complained  of. 

APPETITE. 

The  appetite  may  be  light  or  ravenous.  According  to  Sandwith, 
the  appetite  is  invariably  affected,  sometimes  ravenous  at  beginning, 
but  later  alwa^^s  capricious  and  diminished.  The  English  nurses 
report  to  him  that  the  patients  were  always  begging  for  medical  com- 
forts or  cigarettes,  even  in  the  middle  of  the  night,  when  other 
patients  were  asleep.  Among  40  men  carefully  examined,  16  said  that 
their  appetite  was  once  greatly  exaggerated,  16  pleaded  diminution 
from  the  beginning  of  their  illness,  and  8 believed  that  their  appetite 
was  normal  until  the  anemia  became  very  marked. 

Perverted  appetite^  Dirt-ecdincj — The  most  important  point  to  be 
noticed  in  connection  with  the  appetite  is  the  abnormal  desire  for  some 
particular  article  of  food.  Frequentl}"  this  is  a preference  for  some- 
thing sour  or  bitter. 

Man\^  patients  with  uncinariasis  are  known  throughout  the  village 
or  county  as  being  especiall}"  fond  of  pickles.  I have  seen  boys  and  , 
girls  in  advanced  cases  of  this  disease  who  would  greedily  devour  an  | 
entire  bottle  of  pickles.  Some  patients  are  especiall}"  fond  of  sucking 
lemons,  or  lemons  and  salt,  or  salt  alone.  Others  are  known  for  their 
desire  to  chew  coffee,  or  to  drink  large  quantities  of  strong  coffee 
without  milk  or  sugar.  Some  are  abnormally  fond  of  buttermilk.  ; 
Others  are  noted  as  ‘‘ resin-chewers.”  Some  are  accused  of  “lapping  ; 
sand.”  Many  are  accused  of  eating  clay  or  dirt. 

Dirt-eating  has  been  discussed  by  a number  of  authors,  opinion 
being  divided  as  to  its  status.  Some  writers  look  upon  it  as  the  cause 
of  the  disease;  others  view  in  the  habit  onh"  a symptom  or  a result; 
still  others  consider  it  nature’s  treatment  of  a diseased  condition. 

Among  helminthologists  there  seems  to  be  the  impression  that  dirt- 
eating is  especially  likeh"  to  lead  to  infection  with  parasites.  Among 
Southern  physicians  I found  the  idea  quite  prevalent  that  dirt-eating  | 
was  one  of  the  causes  of  the  condition  which  I have  classed  as  extreme  j 
uncinariasis.  * 

I 

During  the  trip  now  under  discussion,  I have  had  opportunity  to  | 
observe  many  so-called  dirt-eaters.  As  most  authors  state,  it  is  j 
exceptional  that  one  will  acknowledge  that  he  eats  dirt.  1 believe  the  n 
explanation  of  this  denial  is  very  clear,  namehq  not  onh"  is  there  a I 
certain  amount  of  disgrace  connected  with  the  reputation  of  being  |f 
a dirt-eater,  but  probably -not  over  one  person  in  ten,  or  possibty  | | 
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in  twenty,  accused  of  eatino*  dirt  ever  does  so.  The  f>ther  nine  to 
nineteen  hav^e  their  abnormal  appetites  develo])ed  in  a ditierent 
direction,  namely,  pickle-eatino-,  lemon-siickino*,  cotlee-rli(‘wiM<r.  rosin- 
chewing,  etc. 

Among  the  articles  eaten  by  these  “dirt-eaters,''  various  authors 
mention  charcoal,  chalk,  dried  mortar,  mud,  clay,  sand,  gravel,  stoin‘s, 
shells,  rotten  wood,  cloth,  garments,  paper,  tobacco  ])ip(‘s,  mice, 
young  rats,  etc. 

It  is,  1 believe,  an  error  to  attempt  to  reduce  this  abnormal  habit  to 
any  one  common  basis.  In  general,  however,  it  may  ix*  stated  that 
the  alleged  “dirt-eating'’  in  this  country  practically  represents  the 
severe  cases  of  uncinariasis.  To  attempt  to  reduce  dirt-eating  to 
infection  with  worms,  particularly  with  Uncuutria  (Wirricnmu  will 
doubtless  be  thought  extreme,  more  particularly  by  Northern  physi- 
cians. Still  the  idea  is  not  a new  one,  and  a moment's  consideration 
will  show  that  this  view  is  far  less  extreme  than  it  at  tirst  appears. 

For  an  excellent  general  discussion  of  dirt-eating,  with  exbmsivc* 
references  to  litei*ature,  the  reader  is  referred  to  Le  C'ont(‘  (1S45). 
For  the  purpose  of  the  present  paper  it  will  suftice  to  call  attention  to 
certain  facts  and  analogies.  The  habit  of  eating  slate  })encils,  pap(‘r, 
and  other  objects  by  chlorotic  girls  is  more  or  less  commonly  known. 
Pregnant  women,  also,  may  develop  an  alniormal  appetite,  which 
takes  different  phases,  including  dirt-eating.  It  is  recorded  that  the 
Javanese  women  eat  certain  dirt  in  order  to  ini])rove  their  appearance. 
In  certain  localities  in  tropical  America  (Orinoco)  thi‘  natives  eat  earth 
during  the  overtlo\y  of  the  river  when  they  can  not  ol>tain  their  regu- 
lar food.  Earth  eating  is  said  to  be  common  and  not  injurious  in  cer- 
tain parts  of  Africa.  According  to  Saiidwith  (lS‘.t4,  ]>.  b),  on  the  day 
of  the  maximum  high  Nile,  and  the  general  I'ejoicings  thereu})on,  the 
town  crier,  who  is  on  the  lookout  for  backsheesh,  [)iH‘sents  “teen 
ibliz”  (Nile  mud)  with  a lemon  to  the  inhabitants  for  luck,  and  many 
of  them  eat  of  it.  Ih)gs,  horses,  cattle,  hogs,  and  alligators  art* 
recorded  as  eating  chi}’  and  sticks.  The  Alaskan  st*als.  wheti  inf(*cted 
with  round  worms,  eat  pebbles.  Eh't)hants,  wlu*n  inft'cted  with 
llukes,  eat  a certain  kind  of  clav  until  a loos(*ness  of  tin*  bowt*ls  is 
produced.  I have  fre(pi(*ntly  h(*ai‘d  d\*xas  grang(*rs  attribntt*  tin* 
(l(*ath  of  cattle  to  (*ating  sand,  and  in  post-mortem  t*xaminat ions  of 
cattle,  shee]^,  and  goats,  in  an  anemic  condition  from  inti'stinal  worms 
(verminous  gastritis  caused  by  IhrmnncJms  mntort II.  Osfrrttn/f^ 
etc.,  and  infection  of  small  intestine  with  Unrinarin  pltaht  and 

IJ.  radlata)^  1 have  repeatedly  notict'd  in  tin*  stomach  and  int4*stine 
large  (juantities  of  sand;  so  that  the  farmers  pr<*sent  (h*clan*d  that  (his 
was  the  cause  of  death.  l)ogs  inti'cti'd  ^^ith  int<*stinal  worms  eat 
grass.  Cats  also  frecpiently  (*at  grass,  j)robably  from  tin*  sann*  cause. 
Children  infected  with  eel  worms  (,l.sv7//*/.v  ! uuihriconU's)  uri*  known  to 
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occasionally  eat  dirt,  and  I know  of  one  such  case  where  the  habit 
ceased  when  the  worms  were  expelled. 

In  view  of  the  comparisons  cited,  it  would  seem  that  the  idea  of 
considering  dirt-eating  as  a manner  of  infection  with  parasitic  worms, 
although  conceivable  for  some  cases,  is  hardly  correct  as  applied  to 
most  instances.  That  dirt-eating  is  an  abnormal  appetite  due  to  a 
diseased  condition  (anemia  and  a disordered  digestive  system)  as  sug- 
gested by  several  authors  as  early  as  the  first  half  of  last  century, 
seems  to  me  to  be  an  explanation  of  much  more  general  application; 
and  that  this  anemia  and  enteritis  or  gastritis  may  be  produced  by 
parasitic  worms  is  an  established  fact.  In  this  connection,  it  is  inter- 
esting to  note  that  Hancock  (1831,  p.  67),  in  discussing  dirt-eating, 
mentions  “worms  preventing  the  nourishing  effects  of  food:”  Imray 
(181:3,  p.  310)  remarks  that  “worms  in  considerable  numbers  were  not 
uncommonlv  accumulated  in  the  intestinal  canal.”  Further,  it  is  sig’- 
niffcant  that  various  authors,  in  discussing  the  treatment  of  dirt-eating, 
attribute  more  or  less  success  to  certain  drugs  which  are  in  fact  used 
more  or  less  in  treating  for  intestinal  parasites.  Thus,  Cotting  (1836a) 
refers,  as  stated  above,  to  the  decrease  of  dropsy  and  of  dirt-eating 
corresponding  to  the  more  general  use  of  calomel;  sulphate  of  iron  is 
mentioned  by  Cragin  (1836a),  Pollard  (1852),  and  others;  according  to 
Pollard  (1852),  copperas  is  a popular  and  successful  remedy  among 
the  negroes;  Hancock  (1831)  refers  to  a remedy  containing  arsenic 
as  having  had  great  success;  Jordan  (1832)  states  that  dirt-eating 
decreased  upon  destroying  the  huts  and  moving  the  families  to  some  i 
other  location. 

To  summarize:  While  it  would  seem  decidedly  extreme  and  unwar- 
ranted to  maintain  that  dirt-eating  is  necessarily  an  indication  of 
infection  with  intestinal  worms,  still  I believe  the  conclusion  is  justi- 
fied that  it  is  undoubtedly  a more  or  less  common  tendenc}'^  in  such 
infections,  not  onh"  in  man  but  also  in  other  animals.  It  ma}"  be 
classed  with  the  chewing  of  slate  pencils,  resin,  coffee,  sucking  of 
lemons  and  salt,  etc. , as  an  abnormal  appetite  due  to  the  anemia  and 
abnormal  condition  of  the  intestinal  tract.  Further,  for  all  practical 
purposes  it  is  not  much  of  an  exaggeration  to  look  upon  most,  if  not 
all,  so-called  dirt-eaters  of  the  sand  areas  of  our  Southern  States  as 
representing  severe  cases  of  uncinariasis. 

Sandwith  (1891)  states  that  26  per  cent  of  his  patients  confessed  to 
eating  earth,  and  he  refers  to  “earth  hunger”  as  sometimes  the  cause  \ 
and  sometimes  the  effect  of  hookworm  disease.  | 

PAIN  IX  THE  stomach;  INDIGESTION.  I 

Many  patients  complain  of  colicky  pains  “in  the  stomach,”  and  ^ 
will  indicate  the  region  between  the  navel  and  the  ensiform  cartilage 
as  the  seat  of  the  “miseiw.”  Indigestion  is  frequently  mentioned,  ' 
and  the  tongue  is  occasionally  coated. 
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Just  how  much  the  indigestion  is  due  to  uncinariasis  and  how  much 
to  other  causes  may  be  considered  an  open  question.  Foul  breath  is 
mentioned  b}’  some  authors  as  a common  symptom  of  uncinarisisis,  but 
this  has  not  been  particularly  noticeable  in  many  of  the  cases  I saw. 

Many  authors  explain  the  tendency  to  dirt-eating  as  an  effort  to  neu- 
tralize the  hyperacidity  of  the  stomach.  As  1 have  just  shown  (p.  74), 
however,  manv  patients  with  uncinariasis  eat  pickles  and  suck  lemons. 

According  to  Sand  with,  a gnawing,  throbbing  pain  in  the  epigas- 
trium is  the  first  symptom  complained  of,  chiefly  because  it  is  constant, 
whereas  a severe  colic  and  borborygmi  (rumbling  of  bowels  caused  bv 
gas)  of  intestine  are  present  from  time  to  time.  1 was  unable  to  con- 
firm the  constancv  of  the  pain. 


CONSTIPATION  AND  DIARRHEA. 

Sandwith  (1S94,  p.  11)  states  that  when  the  patient  is  not  under 
thymol  and  purgative  treatment,  constipation  is  a very  constant  symp- 
tom in  hospital  cases;  6U  per  cent  had  suffered  for  a long  time  from 
obstinate  constipation,  28  per  cent  had  had  diarrhea  before  admission, 
and  12  per  cent  had  no  recollection  of  being  troubled  with  either. 
“ None  of  the  figures  depending  upon  the  memory  of  the  patients 
must  be  taken  as  absolute  truth,  as  the  intelligence  of  main’  is  of  a 
very  low  order.”  Diarrhea,  and  even  dysentery,  are  not  uncommon 
in  very  advanced  cases,  especially  those  complicated  with  BUharzia 
{— Schistos(/rna , which  has  not  been  reported  as  endemic  in  the  Fnited 
States),  or  ulceration  in  the  rectum;  and  unless  the  patient  is  robust 
enough  to  support  thymol,  such  cases  are  apt  to  end  fatally. 

In  1113"  own  cases  I found  both  constipation  and  diarrhea,  but  I am 
not  in  a position  to  state  that  either  symptom  was  regular  or  charac- 
teristic for  an\"  given  degree  or  stage  of  infection.  In  severe  ciLses 
diarrhea  was  certainlv  more  or  less  common. 

Feces. — See  page  b8. 

NERVOUS  SYSTEM. 


The  nervous  s3Uuptoms  usuallv  develop  later  than  either  the  intes- 
tinal or  the  circulatorv  svmptoms. 


See  page  65. 


EYES. 


EAR.‘<. 


According  to  Sandwith  (IS‘4,  p.  12),  noises  in  the  ear  arc  present. 
None  of  mv  patients  complained  of  this  svmptom. 

MENTAL  LASSITUDE,  HEADACHE,  DIZZINESS,  AND  NEKVOUSNfXS. 

Not  onh*  does  plwsical  exertion  result  in  exhaustion,  but  mental 
exertion  has  to  be  avoided.  The  childnm  complain  that  thev  aie 
unable  to  stud}'  and  that  anv  continued  application  to  books  results  in 
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severe  headache.  This  feature  of  the  disease  is  fullv  confirmed  hv 

%/ 

the  testimony  of  both  teachers  and  parents,  who  assert  that  children 
of  this  class  are  usually  much  more  backward  (and  even  stupid  in 
their  studies)  than  other  children  not  showing  the  symptoms  under 
discussion. 

Dizziness  is  very  commonly  mentioned  by  the  patients.  This  feel- 
ing, which  they  usually  speak  of  as  a "’swimmmg  in  the  headd’  is 
experienced  especially  upon  rising  suddenly  from  a chair  or  a bed. 

Nervousness  does  not  seem  to  be  so  commonly  complained  of  as 
mental  lassitude,  headache,  and  dizziness.  Still  it  is  more  or  less  fre- 
quently mentioned,  more  particularly  by  the  girls  and  women. 

Among  girls  from  about  13  to  20  years  of  age  it  was  quite  notice- 
able that  they  were  more  timid  and  more  emotional  than  were  their 
healthier  sisters. 

According  to  Sandwith  (1891,  pp.  11-12),  there  is  pain  in  the  head, 
generally  referred  to  the  temples,  while  in  the  knees  there  is  almost 
invariably  present  great  weakness  and  some  pain;  occasionally  there 
is  in  addition  pain  in  the  shoulders.  Giddiness  is  another  very  gen- 
eral symptom,  and  it  is  this  as  much  as  anything  else  which  compels 
the  patients  to  give  up  work.  The  worst  cases  are  those  which  are 
nearly  always  asleep,  and  can  not  be  interested  in  anything  when  they 
are  awake.  On  the  whole,  sleepiness  is  decidedly  a symptom.  Dense 
stupidity,  associated  sometimes  with  reiterated  demands  for  a favor 
alreadv  granted,  shows  that  the  bloodless  brain  is  afiected  in  all 
advanced  cases,  and  at  least  three  times  Sandwith  (1891,  p.  13)  found 
a condition  of  weak-mindedness  which  would  have  warranted  the 
patients  being  sent  to  the  asylum. 

PATELLAE  EEFLEX. 

Absence  of  patellar  refiex  is  reported  in  cases  of  general  debility 
and  muscular  weakness.  Sandwith  (1891,  p.  13)  found  this  reflex 
unaltered  in  35  per  cent  of  the  cases  examined,  completely  absent  in 
18  per  cent,  decidedly  diminished  in  5 per  cent,  and  a little  exagger- 
ated in  12  per  cent,  all  of  which  were  early  cases. 

GEXITAL  SYSTEM. 

EXTEEN AL  GENITALIA;  SEXUAL  FUNCTION;  MENSTEUATION ; STEEILITY. 

In  cases  where  infection  has  taken  place  in  early  childhood,  the 
delayed  development  of  the  genital  system  is  very  marked.  Patients  ^ 
of  16  to  22  years  of  age  may  not  be  better  developed  than  healthy  per- 
sons of  11  to  15  years.  Menstruation  may  be  very  irregular,  espe-  j 
dally  in  summer.  This  same  condition  is  insisted  upon  in  many  early 
writings  on  dirt-eating.  Mothers  frequently  ascribe  the  condition  of  I 
their  daughters  to  the  absence  or  irregularitv  of  the  menstruation  as  ; 
IS  mentioned  also  in  early  writings  on  dirt-eating. 
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Sandwith  (1894,  p.  13)  found  inipotonco  to  bo  a docidod  symptom  in 
bookworm  disease.  Of  38  men  especially  examined  on  this  }M)int,  24 
bad  completely  and  5 bad  almost  entirely  lost  their  virile  power, 
while  of  the  remaining  9 men.  5 aged  from  19  to  25  bud  their  puberty 
considerably  delayed. 


TENDENCY  TO  ABORTION. 

Among  women  affected  with  uncinariasis  I found  a marki'd  tend- 
- ency  to  abortion.  Given  a woman  about  28  years  old  who  had  been 
married  nine  }’ears — a not  uncommon  history  is  that  she*  has  had  3 to 
5 children  and  3 to  4 miscarriages,  and  she  looks  to  be  about  5o  years 
old.  Not  being  able  to  follow  these  cases  through  their  (Mitire 
medical  history  and  the  history  of  their  husbands,  I must  leayi‘  the 
question  open  as  to  how  many  of  these  abortions  are  to  be  attributed 
to  uncinariasis  and  how  many  are  due  to  other  causes.  In  the  country 
districts  I was  thrown  in  with  the  anemic  not  with  the  healthy 
families,  hence  1 haye  no  good  liasis  for  conq)arison  of  these  two 
classes  for  the  particular  localities  yisited.  In  some  cases  a history 
of  yenereal  disease  was  sus])ected  or  admitted:  in  others,  the  aliortion 
came  on  after  yiitching  fodder;  in  some  cases  the  jiatients  had  taken 
more  or  less  quinine  during  their  life,  under  the  supposition  that  they 
had  malaria;  and  in  still  other  cases,  my  suspicions  were  aroused  in 
other  directions.  The  determination  of  the  exact  relation  of  uncina- 
riasis to  the  miscarriages,  which  are  certainly  strikingly  prevalent, 
must  be  left  to  those  who  can  follow  the  cases  for  a longer  yieriod  of 
time. 

PREyALENCE  OF  I XC'INARIASIS  IN  THE  I'NITEl)  STATES. 


In  seyeral  earlier  papers  (1901,  p.  524;  1902  a,  p.  778;  11*92  b,  pp.  183, 
212)  T haye  adyanced  the  yiew  that  uncinariasis  must  be  more  common 
in  this  country  than  is  generally  siqiposed.  In  my  iireliminary  r(qK)i*t 
on  this  trip  (see  aboye,  p.  35),  1 said  that:  “'riiere  is  in  fact  not  the 
slightest  room  for  doubt  that  uncinariasis  is  one  of  the  most  impor- 
tant and  most  common  diseases  of  this  }>art  [South  C'arolina]  of  the 
South,  especially  on  farms  and  plantations  in  sandy  disti'icts."’ 

Harris  (see  aboye,  y>.  3*5)  went  even  farther  than  this  and  claimed 
that  uncinariasis  is ‘‘the  most  common  of  the  seven*  diseast's  of  the 
South." 

In  considering  the  subject  of  the  freiiuency  and  economic  impor- 
tance of  the  disease  under  dis(*ussion,  I do  not  wish  to  seem  to  under- 
estimate the  prevalence  of  tuberculosis  and  of  venen*al  diseases  among 
the  negroes  or  of  malaria  among  the  wdiites.  Further,  I recognize 
the  fact  that  at  the  pi'i*sent  moment  an  exact  mathematical  estimate 
can  not  be  made.  Speaking  in  general  t(*rm>,  however,  the  fa<*ts  at  my 
disposal  at  present  seem  to  indicate  that  taking  the  Southern  Atlantic 


80 


States  as  a whole,  uncinariasis  must  be  considered  as  one  of  the  most 
common  and  widespread  maladies;  in  frequency  it  belongs  in  the 
general  class  with  malaria,  tuberculosis,  and  gonorrhea. 

In  cities  and  in  rural  clay  districts  it  is  probably  less  common  than 
any  one  of  these  three  maladies,  for  such  localities  may  present  local 
foci  of  infection  for  the  diseases  in  question,  while  the  local  foci  of 
infection  with  uncinariasis  are  much  more  limited. 

Among  the  negroes  of  the  rural  sand  districts,  uncinariasis  seems  to 
be  much  less  common  than  either  tuberculosis  or  gonorrhea.  Its 
apparent  rarity  may,  however,  be  deceptive  (see  p.  51). 

Among  the  whites  of  the  rural  sand  districts,  uncinariasis  is  appar- 
ently the  most  common  disease  found.  Nevertheless,  in  some  sand 
districts,  probably  with  a clay  or  other  impervious  subsoil  favorable 
to  the  formation  of  marshes,  malaria  rivals  uncinariasis  for  first  place. 

From  these  qualified  statements  it  will  be  seen  that  I do  not  feel 
justified  in  adopting  the  view  advanced  by  Harris,  namely,  that  uncin- 
ariasis is  ^ ‘ the  most  common  of  the  severe  diseases  of  the  South.  ” 

In  all  probability,  further  study  will  show  that  in  Mexico,  Central 
America,  and  parts  of  South  America,  hookworm  disease  is  more 
important  and  more  common  than  in  the  United  States. 

Sand  with  (1891,  pp.  5-6),  in  discussing  the  frequency  of  this  disease 
in  Egypt,  says: 

“It  is  impossible  to  know  what  amount  of  the  population  [of  Egj^pt]  is  affected, 
but  the  statistics  of  the  recruiting  commissioners  for  1892  are  worth  quoting.  Nearly 
every  adult  male  peasant  is  liable  for  conscription,  and  the  conscripts  are  immedi-  ■ 
ately  examined  in  their  villages.  In  upper  Egypt  5,988  men  were  called,  and  200, 
or  3.3  per  cent,  were  rejected  for  anaemia.  In  lower  Egypt  661,  or  6.2  per  cent  were  i 
rejected  from  this  cause  out  of  7,420  men.  Every  province  furnished  anaemic  rejec-  ■ 
tions,  but  Menoufieh  came  highest  on  the  list  with  13.9  per  cent,  while  I find  from  I 
hospital  statistics  that  no  less  than  15  villages  in  that  province  are  infected.  The 
recruiting  medical  officer,  who  is  an  Englishman,  only  rejects  those  who  are  obvi- 
ously too  anaemic  to  serve  with  the  colors,  accepting  many  who  are  already  the  j 
hosts  of  the  bloodsucking  worm.  Thus  the  medical  reports  for  the  Egyptian  army  ' 
show  that  in  1890  there  were  114  admissions  to  the  hospital  for  anaemia,  in  1891,  107  | 

admissions,  and  in  1892,  170  admissions.  In  1891,  22  soldiers  were  invalided  from  the 
service  for  anaemia,  and  65  in  1892,  besides  1 death.  The  number  of  admissions  for 
debility  is  equal  to  those  for  anaemia,  and  doubtless  includes  many  cases  of  anchy- 
lostomiasis.” 

Dobson  (1893,  p.  63),  examined  547  of  the  healthiest  looking  coolies  [j 
from  India  and  found  hookworms  in  no  less  than  454  of  them. 

V 

CLINICAL  DIAGNOSIS  OF  HOOKWORM  DISEASE.  j 

As  stated  above,  a man  who  is  familiar  with  this  disease  should  j 
have  no  difficulty  in  recognizing  severe  cases,  especially  if  he  is  in  the  , ^ 
area  of  infection.  In  light  and  medium  cases,  however,  it  is  unsafe  to 
make  a diagnosis  upon  symptoms  alone,  unless  such  cases  are  associated  I 


I in  the  same  famih^  or  neig’hborliood  with  severe  cases.  The  l)est  and 
! most  relialde  method  of  diaonosis  is  ])v  fecal  examination,  althoii^di  in 
blood  examination  increased  eosinophilia  indicates  tlie  ])Ossibilitv  of 
intestinal  parasites. 

First  of  all  let  us  recall  that  uncinariasis  is  a possil)ilitv  which  should 
be  considered  in  connection  with  all  cases  of  anemia,  especially  anion^r 
earthworkers,  as  in  miners,  brickmakers,  canal  dio-aers,  farmers,  etc., 
or  in  persons  returning  from  the  tropics,  and  amon^^  persons  who  have 
a history  of  residence  on  sandy  soil.  Three  methods  of  fecal  examina- 
tion are  open  to  us — the  blotting-paper  test  and  the  microscopic  and 
the  gross  examinations. 

BLOTTING  PAPER  TEST  WITH  FECES. 

For  persons  who  are  not  in  a position  to  make  a microsco])ic  exami- 
nation, the  blotting-iiaper  test  (referred  to  on  p.  bi)).  will  be  found 
very  useful.  To  make  the  test,  use  only  fresh  feces.  Place  an  ounce 
or  more  of  the  stool  on  a piece  of  white  blotting  papi'r  (an}"  absorlumt 
white  paper  will  answer  the  purpose);  allow  it  to  stand  for  twenty  to 
sixty  minutes;  remove  the  feces  and  examine  the  color  of  the  stain. 
In  about  four  out  of  five  cases  of  medium  or  severe  uncinariasis,  the 
stain  is  reddish  broAvn  and  immediately  reminds  one  of  a blood  stain, 
hi  making  this  test  on  anemic  patients,  piles  should  of  course  be 
excluded. 

It  developed  in  my  work  in  the  Virginia  penitentiary,  that  this  test 
is  open  to  error  in  dealing  with  criminals.  In  order  to  avoid  wcirk, 
convicts,  especially  hard-labor  contract  convicts,  occasionally  produci' 
a hemorrhage  purposely  by  wounding  the  mucosa  of  the  rectum  by 
means  of  some  sharp  instrument. 
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Fig.  43. — Egg  of  the  conunon  asearis  lumbrieoide^  i of  man,  as  fotmd  in  feces.  Seen  -with  . 

STiperiicial  focus.  Greatly  enlarged.  i After  Stiles.  1902b.  p.  202.  fig.  15>S.'i 
Fig.  44. — The  same,  as  seen  with  median  focus.  Greatly  enlarged.  i .After  Stiles.  19G2b.  p.  202.  fig.  159.)  ( 

Figs.  45—54. — Embryolc^  of  the  common  ascaris  (Aseuns  lumbrieoidef)  of  man.  showing  the  changes  i 
undergone  by  the  egg  after  being  discharged  in  the  feces.  i After  Leuctart.  1S67.  p.  213.  fig.  154. ; 

Fig.  55. — Embryo  of  the  common  ascaris ( Ascarfs  lumbrieoideg'i  of  man,  in  the  eggshell.  ( .After 
Leuekart.  1S67.  p.  215.  fig.  156.  ' ' ( 

Fig.  56. — Free  embryo  of  the  common  ascaris  (Asctsrfs  lumbrieoides)  of  man.  casting  its  skin,  f After  i 
Leuekart.  1>67.  p.  214,  fig.  155.  } ~ 

Figs.  57-64. — Embryology  of  the  common  pinworm  ( Ortjuris  rermiculari^)  of  man.  showin,gthe  changes 
undergone  by  the  egg  while  in  the  female  worm,  f After  Leuekart.  1868,  p.  322,  fig.  191.  > 

Fig.  65. — Embryo  of  the  common  pinworm  ( Oxt^iri^  vermieulari?)  of  man.  in  the  eggshell,  as  found  in  , 
fresh  f^-es.  (After  Leuekart,  1868.  p.  328,  fig.  196.)  j 

Fig.  66. — FtiE-grown  embryo  of  the  common  pinworm  f Oxyuris  rermicttlari^)  of  man.  after  it  has  . 

escape*!  from  the  eggshell.  ( After  Leuekart.  1868.  p.  328.  fig.  195.)  I 

Figs.  67-1 0. — ^Egg  of  the  common  whipworm  ( Triehnri^  trichiura  i of  man.  showing  changes  undergone  j 
while  still  in  the  female  worm:  fig.  70  is  the  stage  found  in  fresh  feces.  ■ .After  Leuekart.  1868,  - j 
p.  491.  fig.  275.)  " _ ! 

Figs.  71-73. — Later  stages  of  development  of  an  allied  whipworm  {Trichuri^  amni^)  of  sheep  and 
cattle,  showing  changes  after  the  egg  escapes  in  the  feces.  ( After  Leuekart.  1%'8.  p.  494,  fig.  276.) 

Fig.  74. — Is«jlated  embryo  of  Trfc/iuriV  mV.  ' After  Leuekart.  1868,  p.  495,  fig.  277.^  j 
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Fig.  75. — Erk  of  (’ooliin-(’himi  flijirrhea  worm  {Stroni/t/loiflis  KttrrornliM)  fouiul  in  .stcHU.M.  (.Vftrr  Tlmyor. 
1901,  pi.  9,  fifT.  A.) 

Fig.  76. — Rhab<iitiform  embryo  of  same,  from  the  sUh)1s.  (.Vfter  Thayer,  1901,  pi.  9,  ll>j.  H.  s 
Fig.  77. — Filariform  larva  of  same  derived,  by  direet  tmiisformatioii,  from  a rhalslitiform  embryo. 
(.\fter  Thayer,  1901,  i>l.  9,  li«.  C.) 

Figures  75  to  77  were  drawn  from  life,  a.s  seen  under  I/eitz,  objeetive  7— oenlar  3. 
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Fig.  78.— Egg  of  the  common  liver  fluke  ( Fasciola  hepatica)  examined  shortly  after  it  tvas  taken  from  the 
liver  of  a sheep;  this  is  the  same  stage  that  is  found  in  human  feces:  at  one  end  is  seen  the  lid  or  opercu- 
lum. o;  near  it  is  the  segmenting  ovtim : the  rest  of  the  space  is  occupied  by  yolk  cells  which  serve  as 
food : all  are  granular,  but  only  three  are  thus  drawn.  X 680.  (After  Thomas.  1883,  p.  281.  fig.  1.) 

Fig.  79. — Egg  of  the  common  liver  fluke  containing  a ciliated  embrj’o  (miracidium'*  ready  to  hatch 
out;  d,  remains  of  food:  e.  cushion  of  jellv-like  substance:  /.  borinar  papilla:  h,  eve-spots;  k, 
germinal  cells.  X 680.  (After  Thomas.  1883.  p-  283.  fig.  2.) 

Fig.  80. — Embrj-o  of  the  common  liver  fluke  (Fasciola  hepatica)  boring  into  a snail.  X 370.  (After 
Thomas.  1883.  p.  285.  fig.  1.)  , t. 

Fig.  8T. — Egg  of  lancet  fluke  {Bicroccclium  lanceatum)  with  contained  embrvo.  X 700.  (After 
Leuckart,  1889.  p.  379.  fig.  171.) 

Fig.  82. — Egg  of  human  blood  fluke  {Schistosoma  hsematohium)  with  contained  embryo,  passed  in  the 
urine  or  in  the  feces.  X 285.  (After  Looss,  1896.  pi.  11.  fig.  112. ) 

Fig.  83. — Egg  of  beef-measle  tapeworm  {Tsenia  saginata)  vcixh  thick  eggshell  (embryophore),  con- 
taining the  six-hooked  embryo  (oncosphere)  enlarged.  (After  Leuckart.) 

Fig.  84. — Eggs  of  pork-measle  tapeworm  (Tsenia  solium):  a,  with  primitive  vitelline  membrane:  6. 
without  primitive  vitelline  membrane,  but  with  striated  embrvophore.  X 450.  (After  Leuckart, 
1880,  p.  667,  fig.  297.) 
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MICROSCOPIC  EXAMINATION'  OP  FECES. 


No  special  techniipie  is  necessary.  Simply  take  a small  amount  of 
feces,  preferably  from  near  the  surface,  about  the  size  of  the*  head  of  a 
large  pin;  spread  this  out  in  a drop  of  water  on  an  ordinary  micro- 
scopic slide  and  cover  the  preparation  with  a covm*  slip.  Kxamine 
under  any  moderately  high  power,  as  a Zeiss  S mm..  Zeiss  (\  or  a 
Hausch  Lomb  one-third  inch.  Look  carefully,  with  not  too  strono‘ 
illumination,  for  an  elongate  oval  egg  with  thin  shell,  and  with  proto- 
plasm either  unsegmented  or  in  the  early  stages  of  segmentation.  The 
older  the  feces  and  the  warmer  the  weather  the  more  advanc(*d  will  be 
the  segmentation.  In  case  of  infection  with  Unctnaria  amertnuto  the 
fully  developed  embryo  may  lie  found  within  the  eggshell.  Be  cau- 
tious not  to  mistake  for  the  egg  of  the  Unctnartn  the  eggs  of  Ascar  '(i< 
lumbricoidex.  which  have  a thick  gelatinous,  often  mammi Hated, 
covering  and  an  unsegmented  protoiilasm  (tigs.  48-44),  or  the  eggs 
(tigs.  57-05,  of  0,rijuris  verruicularis^  with  a thin 
asymmetrical  shell  (one  side  being  almost  straight) 
and  containing  an  embryo,  or  the  eggs  of  whip- 
worms (77*/c7/?//‘/.y  more  commonly  known 

to  ph}’sicians  as  Trlchocephalus  di^par),  possessing  a 
smooth,  thick  shell,  apparenth'  perforated  at  each 
pole,  and  an  unsegmented  protoplasm  (tig.  To). 

As  a rule,  in  fecal  examination  I jirefer  to  use  the 
thick,  large,  by  3 inch  slide,  such  as  is  used  in 
examining  for  trichina",  rather  than  the  ordinary  1 
by  3 thin  English,  slide."  The  larger  slide  is  not 
onh"  more  steadily  and  niore  easily  manipulated 
in  case  one  is  working'  without  a mechanical  stage,  but  it  is  much 
cleanei*  to  handle. 

In  mo.st  cases  of  infection  with  intestinal  worms  the  siinplt'  method 
just  described  will  sulHce  for  a })ositive  diagnosis.  Bidore  giving 
a negative  ojiinion,  howevei’.  1 invariably  make  ten  pn'parations 
or  follow  a procedure  which  we  may  call  “.'.sedimenting  the  feces.' 
Experience  has  shown  me  that  in  ca.'^es  of  m‘gativ('  diagnosis  by  the 
simple  method  ]>ositive  diagnosis  occasionally  result‘d  it  the  fi'ces  are 
washed  and  “ sedimented." 

Mefhod(>f  'it'(isJt!)Hf  and  sed mumf ni(j  — lake  one  oi'  two  ounces 

of  feces,  fresh  or  dry,  mix  with  watrn-,  and  jilaci*  in  a large  bottle, 
retort,  jar,  or  any  other  receptach*:  add  enough  watm*  to  make  Irom  a 
pint  to  two  (juarts,  according  to  the  amount  <>t  ie<-(*s;  shake  oi’  stir 
thoroughly  and  allow  to  .settle;  i)our  otl  th«‘  lloating  matter  and  the 
water  down  to  near  the  sediment;  repeat  the  washing  and  .'fettling 
several  times,  or  as  long  as  any  matter  will  lloat.  1 he  last  time  this  is 
done  u.'^e  a bottle  or  graduate  with  a smallei-  diaim*tor,  and  whim  tin* 
material  is  thoroughly  settled  examine  thi‘  lint;  .sediment.  It  will  be 


Fio.  ft's.— Egpr  of  the 
•hvarf  tiipewonn  (//»/- 
meuolrpin  vann)  of 
imin.  Greatly  magni- 
lied.  (After  II.  II.  Kan- 
soni,  unpublishe<l,  > 
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found  that  the  eggs  have  settled  more  numerously  in  the  fine  sediment 
than  in  the  coarse  material. 

In  case  an  unusual  amount  of  large  coarse  material  is  present  in  the 
feces,  it  is  sometimes  convenient  to  pour  the  entire  mass  through  a 
sieve,  rejecting  the  portion  left  in  the  sieve;  or  to  wash  the  feces  in  a 
sieve,  holding  the  latter  under  water.  As  a rule,  however,  the  sieve 
is  not  very  useful  in  fecal  examinations. 

The  centrifuge  does  not  appear  to  be  of  any  special  value  in  fecal 
examinations. 

If  facilities  are  not  at  hand  for  making  a microscopic  examination, 
about  half  an  ounce  of  either  perfectl}^  fresh  feces,  or  of  rather  dry 
feces,  may  be  placed  in  a bottle,  preferably  with  a large  neck,  prop- 
erly packed  in  a mailing  case,  and  sent  to  any  professional  pathologist 
or  zoologist  for  examination. 

GROSS  EXAMINATION  OF  FECES. 

If  uncinariasis  is  suspected  and  it  is  not  practicable  either  to  make 
a microscopic  examination  or  to  delay  matters  until  a specimen  can  be 
sent  away  for  examination,  still  another  method  of  diagnosis  is  possi- 
ble. Give  a small  dose  of  thymol,  followed  by  salts,  and  collect  all  of 
the  stools  passed.  Wash  the  stools  thoroughly  several  times  in  a 
bucket,  and  examine  the  sediment  for  worms  about  half  an  inch  long, 
about  as  thick  as  a hairpin  or  hatpin,  and  with  one  end  curved  back  to 
form  a hook.  If  these  are  found,  institute  definite  treatment. 

TREATMENT  OF  HOOKWORM  DISEASE. 

ANTHELMINTHIC  TREATMENT. 

The  two  drugs  most  commonly  used  in  uncinariasis  are  thymol  and 
male  fern.  The  day  before  treatment  the  patient  is  placed  on  a milk 
and  soup  diet  for  three  days. 

Thymol.— directions  usually  given  for  thymol  treatment  are 
these:  Two  grams  (31  grains)  of  thymol  at  8 a.  m. ; 2 grams  (31  grains) 
at  10  a.  m. ; castor  oil  or  magnesia  at  12  noon. 

One  week  later  the  stools  should  be  examined,  and  if  eggs  are  still 
present,  treatment  should  be  repeated  until  the  eggs  disappear,  but  it 
is  not  best  to  give  the  thymol  more  than  one  day  per  week.  Some 
cases  of  hookworm  disease  are  quite  obstinate  and  require  a treatment 
extending  over  several  weeks.  It  is,  therefore,  an  unfortunate  error 
to  expel  a few  worms  with  one  or  two  doses  and  then  dismiss  the 
patient  as  cured  without  having  made  further  microscopic  examination 
for  eggs. 

Sand  with  (1894,  p.  21)  reports  42  men  cured  after  a single  dose;  58 
after  2 doses;  43  after  3 doses;  25  after  4 doses;  9 after  5 doses;  4 
after  6 doses;  2 after  7 doses,  and  2 after  8 doses. 
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A number  of  writers,  particularly  Giles.  Sandwitli,  and  others, 
agree  that  small  doses  of  thymol  are  valueless,  but  Sandwith  is  of  the 
opinion  that  4 grams  in  24  hours  are  as  eflicacious  as  d grams,  and  the 
former  dose  is  certainly  less  dangerous. 

Worms  may  be  found  in  the  stools  as  early  as  eight  hours  after  the 
first  dose  of  thymol.  In  50  cases  Sandwith  counted  1.2ol  worms  in 
stools  passed  within  eight  hours  after  the  first  dose  and  444  worms 
within  the  next  sixteen  hours.  From  his  context,  however,  it  is  clear 
that  brandy  was  given  to  these  patients  (see  below),  hence  the  thymol 
was  dissolved  more  rapidly.  Giles  reports  that  he  s(ddom  found  any 
worms  until  twelve  hours  after  the  first  dose  of  thymol.  ••Occasion- 
ally patients  vomited  after  swallowing  thymol,  but  as  a rule  they 
retained  it  perfectly,''  and  ••they  used  to  ask  for  an  extra  dose  of  it 
while  convalescing." 

Sandwith  goes  on  to  sa}"  that  •‘lai’ge  doses  of  thymol  havt‘  a poison- 
ous etfect  on  the  system,  not  unlike  those  i)roduced  by  cai-bolic  acid. 
The  temperature  is  lowered  one  or  even  two  degrees  centrigrad(‘,  and 
both  pulse  and  respiration  are  slowed.  The  ])atient  remains  fora  few 
hours  collapsed,  giddy,  and  faint,  and  has  to  b(‘  kept  lying  down,  but 
at  sunset  he  is  quite  well  again  and  asking  for  food."  11(‘  gives  the 
following  as  a typical  case: 

January  14,  1892. — 6 a.  m.,  temperature  37.5°,  jmlse  SO,  respiration  19;  j»atient  in 
his  iLsual  state  and  was  gi^'^n  2 grains  of  thymol.  7 a.  m.,  temperature  37°,  pul.'Hi 
80,  respiration  19;  says  he  has  slight  nausea,  gi<ldiness,  and  colicky  {tains  in  the 
epigastrium.  8 a.  m.,  2 grams  more  of  thymol  given.  9 a.  m.,  tem]K*rature  :15.5°, 
{Hilse  70,  res{uration  17;  great  giddiness,  can  not  stand  or  walk;  very  sh*e{>y,  and 
talks  like  a drunken  or  very  .slee{)y  man.  12  a.  m.,  sym{)toms  much  thesiime;  sweat- 
ing while  aslee]).  2 j).  m.,  tem{)erature  37.5°,  pulse  75,  res{tiration  IS;  a|>parently 
quite  well  again.  Says  lie  does  not  mind  the  thymol,  exce{>t  that  it  makes  him  lose 
consciousness.  ’ ’ 


Some  author.s  advise  the  use  of  alcohol  with  tliymol.  othm-s  warn 
against  such  use.  Sandwith.  in  nd’erring  to  this  subjiud,  .says: 
“Warned  b}^  the  detith  of  ;it  least  one  of  my  patitMits  immediatidy 
after  digesting  the  thvmol,  I have  always  administered  to  feebh‘  ni«*n 
25  grams  of  brandy  with  eacli  2 grams  of  thymol,  with  the  happiest 
results.’' 


Authors  who  warn  against  the  use  of  alcoholics  during  treatment  do 
so  on  the  ground  that  thymol  is  .solubh*  part  for  part  in  alcohol,  hence 
will  more  ([uickly  be  ab.sorbed  by  tin*  system.  ^\  ith  one  of  iny  assist- 
ants (see  Stiles  tSi;  Pfeiuhu*.  lH02a),  in  the  Bureau  of  Animal  Indu>'trv, 
I treated  a number  of  dogs  with  thvmol  in  vai'ious  forms.  \\  e gave 
do.ses  varying  from  10  to  loo  grains  ((t0>4s  to  0.4S  gmms)  t<»  dogs 
weighing  from  S to  35  i)ounds.  In  alcoholic  .M)lution,  2>o  grains  (1.04 
grams)  cau.sed  convulsions  in  a dog  weighing  15  jxmnds,  and  .seven* 
convulsions  in  one  weighing  14  pounds;  on  tin*  otln*r  hand,  an  S-pound, 
old  dog  sutiered  no  ill  effects  aft(*r  30  gi^jiins  in  alcohol,  and  a 3;)-pound 
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dog  took  75  grains  (d.86  grams)  in  alcohol  without  deleterious  effect. 
In  tablet  form.  Avithout  oil.  a single  dose  of  100  grains  (6,18  grams) 
killed  a dog  of  15  pounds  in  four  days;  a dose  of  50  grains  caused  a 
l:2-pound  dog  to  attempt  to  A*omit:  a dose  of  75  grains  A\'as  Avithout 
appreciable  effect  in  a dog  of  35  pounds : 30  grains  Acere  AA-ithout  effect 
on  a dog  of  8 pounds:  daily  doses  of  20  grains  each  caused  a slig'ht 
diarrhea  after  six  days  in  a dog  of  15  pounds:  the  same  dose  caused  a 
17-pound  dog  to  be  cptite  sick  on  the  sixteenth  day.  In  tablet  form. 
Avith  castor  oil.  30  grains  caused  a 12-pound  dog  to  attempt  to  vomit, 
Avhile  doses  of  10  and  20  grains  Avere  negative  on  dogs  Aveighing  12  to 
15  pounds.  In  poAA-dered  form.  AA-ithout  oil.  20  grains  caused  a 12- 
pound  dog  to  attempt  to  A'omit.  Avhile  doses  of  10  and  20  grains  respec- 
tively AA*ere  negative  in  dogs  of  12  and  15  pounds:  10  grains  caused  no 
ill  effects  in  a dog  of  8 pounds,  and  a dose  of  80  grains  AA-as  Avithout 
effect  on  a dog  of  35  pounds.  In  poAA*dered  form.  Avith  castor  oil.  20 
grains  caused  slight  conA'ulsions  in  a dog  Aveighing  15  pounds,  but 
doses  of  10  and  20  grains  Avere  negative  on  dogs  of  the  same  AA'eight. 
nine  foxes  to  Avhich  AA*e  gave  3 grains  in  alcohol  became  C[uite  sick. 
Theobald  states  that  a dose  of  3 grains  has  produced  partial  prostra- 
tion in  a bull-terrier,  but  he  does  not  glA'e  the  Aveio-ht  of  the  dog. 

According  to  SandAvith.  the  contra-indications  for  thymol  are  **  excess- 
iA'e  debility.  A’ery  Ioav  temperature,  age  above  60.  and  adA’anced  diseases 
of  the  heart  or  any  other  organ.  Boys  take  it  very  AA-ell  in  half  quan- 
tities.” 

SandAvith  states  (1891.  p.  17).  that  of  8 fatal  cases  treated  Acith 
thymol  2 died,  he  thinks,  in  consequence  of  the  thymol,  eleven  and 
forty-eight  hours,  respectively,  after  taking  the  dose:  both  of  these 
men  had  previously  had  thymol  AArithout  bad  effect,  but  they  Avere 
both  in  a miserable  state  of  exhaustion  and  debility.  He  does  not 
think  that  thvmol  accelerated  the  deaths  of  anv  of  the  remaining  6 
cases.  AA'hich  occurred  fi\*e,  six.  nine,  thirteen,  fifteen,  and  nineteen 
days.  respectHely.  after  the  last  dose  of  thymol.  Three  of  these  cases 
AA-ere  over  65  years  of  age. 

While  my  experience  AA^ith  thymol  in  man  is  very  limited.  I must 
confess  that  from  my  experiments  upon  animals.  I am  afraid  of  the 
use  of  alcoholics  per  os  during  treatment,  and  in  the  case  of  Aveak 
patients  I should  be  more  inclined  to  use  a stimulant  hypodermically 
than  run  the  risk  of  dissolA*ing  the  thymol  too  rapidly  or  in  too  great 
quantity  at  one  time.  Furthermore,  it  is  at  least  doubtful  Avhether 
our  American  hookAcorm  aaBI  be  so  difficult  to  expel  as  is  the  Old 
World  species,  because  of  the  absence  of  the  ventral  hooks  (cf.'  figs.  5 
and  10)  in  Uncinaria  aniericcma. 

In  the  case  of  “excessive  debility"  and  other  conditions  AA'hich 
SandAvith  designates  as  contra-indications  for  thymol,  it  is  not  clear 
Avhat  drug  SandAvith  Avould  use.  for  he  states  (1891,  p.  20)  that  “for 
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the  last  three  years  I have  looked  u])on  it  as  a waste  of  time  to  admin- 
ister any  other  anthelminthic  than  thymol  for  this  ])arasitc"  \A</chylo- 
stoma  dnodenale].  Certainh^  pen-sons  in  the  conditions  d(‘scrih(‘d  should 
not  be  allowed  to  go  untreated,  and  despite  the  view  advance‘d  by  soim‘ 
authors,  smaller  doses  of  thymol,  repeated  one  day  per  week  and 
extending  oyer  several  weeks,  may  be  expected  to  yield  some  n'sults. 

Mid e fern. — Several  European  authors  advise  the  use  of  large  dostvs 
of  extract  of  male  fern  in  treating  hookworm  disease.  Kichhorst's 
(1901,  p.  314)  recent  ‘’‘Practice”  places  the  dose  at  In  grams  (2.5  tluid 
drams)  to  20  grams  (5  fluid  drams).  It  has  been  j)ointi‘d  out  by  Lepino 
(1891a,  1891b)  and  others  that  such  large  doses  of  this  drug  arc*  likely 
to  be  followed  by  serious  toxic  symptoms  and  even  by  death.  Lepine 
summarizes  the  conditions  as  (1)  sym})toms  of  gastrointestinal  irrita- 
tion characterized  by  the  redness  and  the  hemorrhages;  (2)  nervous 
symptoms  (convulsions  and  paralysis);  (3)  alhuminuria,  and  (4)  glyco- 
suria, and  he  warns  not  to  give  over  8 grams  of  the  extract  as  a maxi- 
mum dose.  Hare  gives  the  dosage  of  the  exti-act  as  4 to  s grams 
(about  1 to  2 fluid  drams).  Male  fern  should  be*  follow(*d  in  three  to 
four  hours  by  a calomel  purge,  aided  b}-  a saline,  but  not  hy  castor  or 
other  oils,  as  the  latter  increase  the  danger  of  absor})tion,  hc'nce  of 
poisoning. 

Calomel. — While  thymol  is  at  present  considered  the  most  reliahh* 
remedy  in  hookworm  disease,  indications  are  not  lacking  (see  p.  7»>) 
that  considerable  good  may  be  accomplished  in  the  American  form  of 
the  disease  by  the  use  of  calomel.  This  drug  will  not,  however,  he* 
followed  by  such  prompt  and  satisfactory  results  as  will  thymol. 

' GENERAL  TREATMENT. 

The  administration  of  thymol  has  for  its  object  the  expulsion  of  tin* 
parasite,  hence  the  removal  of  the  cause  of  the  disease*.  'Phis  should 
be  supplemented  by  efforts  to  build  up  the  de{)h*t(*d  systc*m  by  means 
of  good  nourishing  food,  iron,  etc.  It  is  well  to  give  tin*  iron  daily, 
except  on  the  days  that  thymol  is  taken.  Sandwith  (lS94,  ]).  25) 
claims  that  the  blood  was  most  benefited  by  a daily  su{)ply  of  1.5  grams 
(23  grains)  of  the  sulphate  of  iron  in  watc*r  in  thrc'c*  (*(jual  doses. 

I’liOCNOSiS. 

Among  physicians  I found  the  view  rather  prc*val(*nt  that  the  ])rog- 
nosis  was  poor  for  children  who  })r<*sent(*d  sever<*  cases  «>t  tin*  disi*ase. 
This  view  is  probably  due  to  tin*  fact  that  tin*  eaiist*  ot  tin*  troubh* 
was  not  understood,  ln*nce  tr(*atment  was  not  directed  to  r(*movir>g 
the  cause. 

The  proposition  now  before  us  is,  lirst.  to  n-move  the  int<*stinal  par- 
asites, and  second,  to  build  u[)  tin*  patients. 
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To  accomplish  the  first  desideratum  may  require  some  patience,  hut 
efl'orts  will  eventualh^  he  successful.  The  second  point  may  also  he 
carried  out,  unless,  of  course,  the  patient  is  too  far  gone  at  the  time 
of  treatment  to  recover  from  the  effects  of  the  disease. 

In  not  all  cases  can  it  he  expected  that  a dwarfed,  emaciated,  and 
stupid  child  can  he  immediately  placed  upon  the  same  physical  and 
mental  basis  as  his  brothers,  hut  even  such  cases  can  be  gTeatl}" 
improved. 

LETHALITY  OF  HOOKWOEM  DISEASE. 

I know  of  no  extensive  and  exact  statistics  regarding  the  lethality  of 
uncinariasis,  and  traveling  as  rapidly  as  I did,  it  was  impossible  to 
establish  any  definite  facts  from  personal  observation,  since  it  was  the 
exception  that  1 saw  any  case  more  than  once.  Furthermore,  owing 
to  the  fact  that  many  light  cases  will  escape  attention,  an}^  lethality 
percentages  published  will  probabh"  be  above  the  actual  figures. 

I doubt  whether  sufficient  data  are  at  hand  to  justify  even  approxi- 
mate statements  regarding  the  lethalify  of  hookworm  disease.  That 
numerous  cases,  not  properly  treated,  terminate  fatally  can  not  be 
doubted.  Still,  it  is  remarkable  how  low  a person  may  be  with  hook- 
worm disease  and  still  live. 

Among  physicians  I met  with  the  most  contradictory  ideas  on  this 
subject.  Several  excellent  observers  maintained  that  all  severe  cases 
which  reached  an  edematous  condition  were  invariably  fatal;  equally 
keen  observers  doubted  whether  this  disease  was  frequentfy  the  actual 
cause  of  death;  the  view  was  quite  general  that  patients  sufiering  from 
medium  or  severe  attacks  of  this  malady  very  seldom  lived  through 
even  medium  or  light  attacks  of  such  diseases  as  typhoid  fever,  or 
pneumonia,  and  that  severe  attacks  of  malaria  were  frequently  fatal; 
also  that  the}"  were  very  uncertain  patients  in  confinement. 

In  my  own  observations,  several  points  seemed  quite  significant. 
In  the  first  place,  the  large  number  of  cases  of  long  standing  found  in 
so  many  families  did  not  indicate  a high  lethality.  Further,  several 
adults  were  seen  who  had  formerly  unquestionably  presented  severe 
infections,  but  who  are  now  in  a fairly  good  state  of  health.  In  one 
family  with  9 children  living,  most  of  whom  clearly  presented  light, 
medium,  or  severe  infections,  there  was  a history  of  death  of  9 other 
children,  but  satisfactory  answers  as  to  the  cause  of  these  deaths  were 
not  obtained.  That  some  of  the  children  had  died  of  uncinariasis  is 
very  probable.  On  the  other  hand,  families  were  seen  with  8 to  10 
children,  all  or  nearly  all  in  an  anemic  condition,  some  with  clear 
medium  to  severe  cases  of  uncinariasis,  yet  without  history  of  any 
fatal  case  in  the  family.  I have  heard  of  localities  in  Central  America 
(but  have  not  investigated  them  personally)  where  it  is  said  that  a dis- 
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ease,  which  from  its  description  I helievo  to  he  uncinarijisis,  proha})ly 
due  to  Ui^cuwrin  (iinertcamu  causes  an  immense  mortality  amoin*-  the 
children. 

Taken  till  in  all,  the  data  obtained  did  not  convi?ice  me  that  uncina- 
riasis, pev  6'^,  is  so  fatal  a disease  in  man  as  is  tfeiuu’allv  supposed. 
On  the  other  hand,  I obtained  the  impression  that  while  very  seyei-e 
cases  are  not  infrecpiently  fatal,  the  general  etfects  of  the  malady 
upon  the  S3’stem  are  of  greater  and  more  far-reaching  importance  tlnm 
the  lethalit}"  of  the  infection  itself.  In  other  words,  if  uncinariasis 
were  eliminated,  the  lethality  of  other  diseases,  such  as  pneumonia, 
typhoid  feyer,  malaria,  and  also  of  child  birth,  would  be  decn‘ased. 
and  in  the  sand  and  mixed  sand  and  clay  areas  this  decrease  would  not 
be  an  insigniticant  factor.  . 

One  physician  stated  to  me  that  he  was  contident  that  he  had  lost 
seyeral  hundred  patients  from  uncinariasis  within  the  ])ast  forty 
years. 

Sandwith  (1891:,  pp.  16-17)  states  that  of  the  patients  nominally 
under  his  care,  89.5  per  cent  were  cured  or  greatly  improyed,  i^.o  per 
cent  were  unrelieyed,  and  s per  cent  died. 

“Most  of  the  fatal  cases  had  loud  anemic  murmurs,  marked  subnormal  temj^era- 
ture,  slight  general  edema,  albuminuria,  and  great  mental  weakness. 

“The  actual  cause  of  death  was  exhaustion,  from  utter  al)sence  of  rallying  jwwer. 
It  is  difficult  to  believe  that  the  pathological  effects  are  imluced  only  by  hemorrhage 
from  the  daily  suction  of  scores  or  even  hundreds  of  worms.  In  addition  to  the 
loss  of  blood,  we  have  general  thickening  and  degeneration  of  the  duo<lenum  and 
jejunum,  and  conse<iuent  interference  with  normal  digestion;  then  nonas-dmilation, 
and  eventually  a process  of  slow  starvation.  It  is  al.'^o  worthy  of  consideration  that 
there  may  be  in  jjrolonged  cases  some  self-poisoning  from  the  great  numl>er  of  biti*s 
in  the  walls  of  the  intestines  containing  ill-digested  and  perhaps  decomi>osing  hnul.” 

rOST-MORTEM  ARPEAR.WCKS. 

1 did  not  iiaye  occasion  to  make  jiny  autopsies  during  the  trip; 
hence  I am  unal)le  to  present  any  original  observations  in  this  line. 
For  careful  accounts  of  single  cases  of  autopsies,  the  r(‘a(h‘r  is  i*ef(‘rred 
in  American  literature  to  Strong  (1901),  Yates  (1901),  Claytor  (PdOffii), 
and  Capps  (1903a). 

Sandwith's  (189-1,  pp.  17-:^0)  summary  of  ;i6  autopsies  is  not  acces- 
sible to  many  American  physicians:  hence  it  is  (juot(‘d  Inu’e*  in  full. 

“Some  of  the  earlier  autopsies  were  made  by  my.'H'lf,  the  later  »>m-s  by  Or.  Kaul- 
mann.  The  muscles  were  in  <jue  case  described  of  normal  color,  but  m all  others 
they  were  very  pale.  There  was  usually  a great  absence  of  subcutaneous  fat.  The 
lungs  were  very  pale  and  e<lematous  in  all  casi*s,  and  all  the  organs  were  extivmely 
Idoodless. 

“In  one  case  there  was  noted  edema  of  glottis.  The  lu*art  was  fouml  to  l>e  hy|H*r- 
trophied  ten  times  [in  10  cases],  an<l  was  very  small  twice,  generally  pale  Imiwn 
in  color,  and  on  three  occiisions  there  were  marked  changes  in  the  mitral  valve. 
The  most  common  abnormality  in  the  liver  was  a brownish-yeliow  fatty  ap|K*aninc»*. 
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In  one  case  there  ^Yere  several  abscesses  and  the  liver  weighed  3,700  grams,  and  in 
one  patient  there  was  well-marked  jaundice. 

“The  spleen  was  enlarged  in  one-third  of  the  post-mortems.  The  kidneys  invari- 
ably showed  some  change,  though  this  was  often  much  more'  marked,  in  one  kidney 
than  in  the  other.  They  were  very  pale  in  24  patients,  3 of  whom  had  several 
small  cysts.  Of  the  remaining  2 patients  one  had  granular  kidneys  and  the  other 
had  cysts,  but  the  kidneys  were  of  normal  color. 

“The  brain  was  always  exceptionally  white,  and  in  one  case  there  was  recent 
apoplexy. 

“The  small  intestines  showed,  of  course,  the  most  important  changes.  As  a rule, 
there  were  many  hemorrhages  and  bites  in  the  jejunum  and  ileum,  but  in  one  of  the 
cases  where  the  bites  were  carefully  counted  there  were  only  6 in  the  jejunum  and 
ileum,  and  no  worms  were  found.  In  another  case,  however,  there  were  575  bites 
in  the  small  intestine,  besides  250  anchylostoma.  In  yet  another  there  were  100 
bites,  the  farthest  of  which  was  4.5  meters  from  the  pylorus.  In  only  two  cases 
was  there  much  liquid  blood  in  the  intestine. 

“I  have  not  observed  the  constant  changes  in  the  mucous  membrane  of  the  stomach 
described  by  Giles.  The  great  variability  in  the  number  of  anchylostoma  found  at 
the  autopsies  is  interesting.  In  7 cases,  all  treated  by  thymol  during  life,  no  worms 
could  be  found.  In  an  eighth  case,  also  treated  by  thymol,  but  insufficiently,  there 
were  10  worms.  The  remaining  18  cases  had  not  had  the  advantage  of  thymol.  Six 
of  them,  nevertheless,  were  found  to  have  less  than  10  worms,  and  in  two  of  these 
corpses  only  1 worm  was  found  in  each  jejunum.  Three  other  cases  numbered  20, 
40,  and  50  worms,  but  the  remaining  9 had  numbers  varying  from  170  to  381,  termi- 
nating with  the  maximum  record  of  863.  On  that  occasion  the  autopsy  was  made 
seven  hours  after  death,  and  the  worms  were  scattered  from  a point  1 inch  beyond 
the  pylorus  for  the  length  of  3 meters;  217  of  the  863  were  attached  still  to  the  intes- 
tine and  were  surrounded  by  much  bloody  mucus,  while  646  were  lying  free  in  the 
intestine;  16  of  the  latter  were  still  alive,  and  one  couple  were  in  copulation, 

‘ ‘ Next  the  position  of  the  worms  deserves  notice.  It  was  quite  the  exception  to  find 
any  parasites  in  the  duodenum.  Can  it  be  that  when  the  duodenum  becomes  thick- 
ened and  riddled,  as  it  were,  with  the  ravages  of  former  generations,  the  anchy- 
lostomum  fastens  by  preference  on  to  the  jejunum?  Some  such  cause  as  this 
suggestion  of  gradually  shifting  the  pasture  is  required  to  explain  the  interesting  fact 
that  it  is  not  the  most  advanced  cases  of  anemia  which  will  always  yield  the  largest 
quantity  of  worms.  In  such  cases  the  parasite  must  not  only  have  to  burrow  extra 
deep,  but  the  blood  when  reached  is,  of  course,  deficient  in  quantity.  Or  is  it  that 
the  half-starved  worms  are  dislodged  by  repeated  attacks  of  diarrhea?  The  furthest 
feeding  ground  that  I have  seen  was  6.30  meters  from  the  pylorus,  where  there  was 
a worm  firmly  attached,  But,  as  a rule,  the  attached  worms  are  all  within  2 meters 
of  the  pylorus,  and  have  their  heads  and  sometimes  half  their  bodies  buried  in  the 
mucous  membrane.  It  is  often  impossible  to  dislodge  them  by  a strong  stream  of 
water,  and  they  must  then  be  pulled  out  by  forceps. 

“I  examined  about  50  cases  to  see  the  proportion  of  male  to  female  worms,  and 
found  it  56  to  44  per  cent.  This  is  not  in  accordance  with  some  of  the  authorities, 
who  say  that  males  are  always  more  rare  than  females,  and  that  males  are  less 
influenced  than  females  by  the  action  of  expellent  drugs.” 

«“Dubini  has  only  once  seen  the  worm  in  the  ileum.  The  nearest  feeding  ground 
seen  by  me  was  24  centimeters  from  the  pylorus.  In  that  case  there  were  100  worms 
attached  and  281  detached,  besides  oxyurides.” 
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1‘REVENTIOX  OF  HOOKWORM  DISEASE. 


Tn  the  prevention  of  diseases  caused  l)v  animal  parasites,  we  may.  c)f 
course,  attempt  to  attack  the  infectious  a^ent  in  any  sta^i'  of  its  life 
histoiT.  In  connection  with  uncinariasis,  three  pm-iods  in  })articular 
come  into  consideration,  namely:  (1)  The  adult  worm  in  tlu‘  int(‘stine; 
(2)  the  egg  in  the  feces,  and  (3)  the  infecting  (**  eneystcnl  ”)  stage  of 
the  larva. 

(1)  ADULT  WORM  IN  THE  INTESTINE;  TREATMENT. 


The  destruction  of  the  adult  worm  in  the  intestine  not  only  reli(‘V(*s 
the  patient  of  an  important  and  (when  present  in  large  numhers) 
serious  or  even  dangerous  parasite,  hut  it  is  also  an  imjiortant  factor 
in  preventing  the  spread  of  the  disease  to  other  people.  Accordingly, 
treatment  should  be  instituted  even  if  the  eggs  found  in  the  feces  are 
so  few  in  number  as  to  indicate  onlv  a light  infection. 


Not  infreciuently  the  opinion  is  expressed  that  the  infection  with 
parasites  found  in  a given  patient  is  so  light  that  treatment  is  hardly 
necessary.  Such  a view,  however,  is  often  very  shortsightcal,  for  it  is 
not  infrequently  light  infections  occurring  at  unfavorable  seasons  and 
under  unfavorable  conditions  that  furnish  the  matm-ial  for  heavy 
infections  at  more  favorable  times.  No  Jhicinarld  infection  in  man 
is  too  light  to  be  worthy  of  treatment,  for  each  adult  female  may  lay 
eggs;  hence  the  destruction  of  these  fimiales  means  the  decrease  of 
scores  of  free  infectious  larvte. 

Not  all  cases  of  the  malady  can  lie  recognized  without  the  micro- 
scope; hence  many  people  will  unconsciously  spread  the  disease- 
producing  agent.  Furthermore,  man}'  cases  which  might  he  recog- 
nized by  symptoms  will  not  come  under  medical  treatment,  so  that 
they,  too,  will  spread,  the  infectious  material.  It  is  clear,  therefore, 
that  for  satisfactory  results  in  prevention  we  must  adopt  some  method 
in  addition  to  the  treatment. 


(2)  EGGS  IN  THE  FEUES;  CONTROL  AND  DESTRUCTION. 

It  is  in  the  feces  that  we  find  the  })otentially  infectious  material  in 
the  most  concentrated  form.  After  the  eggs  develop  into  embryos 
the  latter  may  leave  the  fecal  matti'r  and  he  distributed  in  the  sand  or 
in  the  water.  Accordingly,  it  is  much  easier  to  control  or  desti*oy  a 
given  amount  of  infectious  matter  while  it  is  concmitrated  in  (he 
feces  than  it  is  lati'i*  when  it  is  si)n‘ad  over  a largiu’  area.  Here,  in 
fact,  we  have  the  key  to  the  prevention  of  uncinariasis.  Proper  dis- 
})osal  of  the  fecal  discharges  will  make  the  s[)read  ot  uncinariasis 
impossible.  As  such  proper  disposal  1 will  suggest:  Pi’ojierly  built 
privies  when  sewerage  is  lacking;  use  ot  such  outhouses  after  con- 
struction; cleaning  the  same  at  regular  intervals,  and  burial,  burning, 
disinfection,  or  drying  of  the  feces. 
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(3)  THE  INFECTINGr  (“ ENCYSTED”)  STAGE  OF  THE  LARVA. 

Dlswfection  of  2?reniise8. — A chemical  disinfection  of  premises  to 
kill  the  free  stages  of  eggs,  emhrvos,  and  larvee  of  the  parasite  would 


hardly  he  practicable,  but  boat,  dryness,  and  cold  all  result  in  killing 
these  organisms. 
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About  twenty-four  to  forty-cig'lit  liours  of  froezinjr  tewipeniture 
kills  the  free  infection,  hence  aftcj-  any  cold  wi>ath(*r  of  tliis  kind  in 
winter  it  may  be  assumed  that  the  ])remises  arc  disinfertod. 

After  any  especially  dry  weather,  most  if  not  all  tlu'  fi*ec  infection 
(except  such  as  exists  in  places  not  affected  by  the  drviu‘s.s)  is  killed, 
so  that  exposed  portions  of  promises  may  be  assumed  to  lie  })racticallv 
disinfected. 


Spra3un^  with  burnino-  oil  (H^.  8^>).  ])racticed  by  the  Mju^sachusetts 
G3^ps3'  Moth  Commission,  will  etfectualh'  disinfect  any  area.  If  a 
spra3^  nozzle  or  ‘Awclone  burner’'  is  not  at  hand,  the  ground  around 
the  house  could  be  strewn  with  straw  or  brush  and  set  afire  (due  pre- 
caution bein^  taken  not  to  burn  the  house),  thus  thorou^hl3'  disinfecting^ 
the  premises.  (See  Stiles,  1902  d.) 

DrinT^in<f  icatcr.—To  tell  the  average  faiin  hand  or  miner  that  ln‘ 
should  alwa3's  *‘boil  or  filter’’  the  water  before  drinking  it  is,  academ- 
icalh%  a step  toward  preventing  infection  with  uncinariasis.  Practi- 
calh",  however,  it  is  a step  toward  throwing  away  whatever  intluenee 
wema3'  happen  to  have  with  him.  Theoreticallv.  we  should  teach  this 
simple  h3"gienic  j)recaution  to  all  families,  both  in  the  cit3'  and  in  the 
countiT.  Practicalh%  we  are  in  maiw  cases  weakening  our  position 
1)3"  insisting  too  generalh"  upon  this  point. 

While,  therefore,  we  mav  warn  people  to  boil  or  filter  their 
drinking  water  in  order  to  prevent  the  introduction  of  the  iidecting 
agent  of  uncinariasis  or  of  other  diseases,  provided  we  see  an  v chance 
of  their  following  the  advice  (in  regard  to  which  we  ourselves,  except 
in  times  of  epidemics,  are  verv  inconsistent),  we  will,  1 believe, 
usually  weaken  our' influence  with  the  ])oorer  classes  in  mentioning 
a precaution  which  the  average  farm  hand  naturalh"  looks  on  as 
absurd.  It  is  much  more  important  to  urge  him  to  locate  his  i)i  ivv 
some  distance  from  the  well.  That  is  a ])roposition  he  can  ai)preciat«': 
the  necessitv  for  l)oiling  or  filtering  drinking  water  is  usuallv  bevond 
his  mental  horizon. 


Clean  lunnh. — An  important  point  in  connection  with  preveiifir.g 
the  ingestion  of  the  infectious  agent  of  uncinariasis  is  that  the  hands 
and  finger  nails  should  be  kept  clean.  I am  inclimal,  however,  to  take 
an  ultrapractical  view  of  cleanliness  versus  dirt  in  connection  with 
countrv  houses,  ami  to  first  see  that  the  im*vitabU‘  dirt  shall  b(‘  clean 
This  can  lx*  accomplislnal  if  we  can  succeed  in  having  pioperlv  con- 
structed latrines,  built  at  projier  distaiua*  from  the  wells  and  houses, 
if  the  children  be  taught  to  use  them,  and  if  tin*  parents  be  taught  the 
necessit3"  for  cleaning  them. 

These,  in  mv  opinion,  an*  the  first  st<*ps  fo  hr  taken,  and  far  out- 
weigh all  such  considerations  as  boiling  and  filt<*ring  drinking  wat4*r 
or  keeping  the*  hands  ch*an. 

Wearimj  sJioe^i. — Wearing  shoes  during  wet  wt*ather  and  wasliing  the 
feet  frequentl3"  will  prevent  the  cutaneous  infection  and  will  jirotect  to 


96 


a great  extent  against  ground  itch.  It  can  hardly  be  expected,  how- 
ever, that  the  poorer  children  in  country  districts  will  adopt  this 
precaution  to  any  extent. 

C03IM0N  INTEKPRETATIOX  OF  HOOKWORM  DISEASE. 

Upon  several  former  occasions  I have  referred  to  ‘‘cases  of  anemia 
of  obscure  origin”  as  possibly  due  to  uncinariasis.  In  a recent  paper 
(Stiles,  1902b,  pp.  207-208)  I referred  to  “dirt-eating”  as  being  possibly 
connected  with  uncinariasis  ; it  was  also  intimated  (1902b,  p.  215),  upon 
authority  of  Dr.  Kirby-Smith,  that  in  Mississippi  uncinariasis  is  con- 
fused with  malaria;  Harris  (1902c)  also  points  out  that  much  of  the 
anemia  attributed  to  malaria  and  dirt-eating  is  probably  due  to  hook- 
worm disease. 

At  present  I am  able  to  make  more  specific  statements  than  for- 
merly. The  condition  which  should  be  attributed  to  light  infections 
of  uncinariasis  is  usually  interpreted  as  due  to  malaria  or  diarrhea; 
medium  cases  are  usually  interpreted  as  an  anemia  due  to  malaria 
combined  with  “improper  diet”  or  ‘ * insufficient  nourishment;”  severe 
cases  are  usually  attributed  to  “malarial  cachexia,”  “dirt-eating,” 
“resin-chewing,”  “heart  disease,”  “dropsy,”  “general  debility,” 

' “pernicious  anemia,”  and  “lack  of  proper  nourishment.”  Such  at 
least  are  the  most  common  diagnoses  which  have  been  made  by  the 
attending  ph^Mcians  in  the  cases  which  I have  interpreted  as  light, 
medium,  or  severe  infections  with  Uncinaria  araericana. 

ECONOMIC  IMPORTANCE  OF  HOOKWORM  DISEASE. 

Malaria  is  admit tedH  one  of  the  most  important  diseases  when 
viewed  from  an  economic  standpoint.  In  general,  uncinariasis  is,  in 
the  South,  fully  as  important  as  malaria,  and  in  some  respects  it  is  of 
even  greater  importance. 

Take  a given  farming  area  in  the  sand  district  with  an  infection  of 
uncinariasis,  and  assume  that  100  farm  hands  are  emplo}"ed.  It  is  not 
an  exaggeration  to  say  that  these  100  people  are  not  doing  the  work 
of  80  or  90  average  hands.  Thus  there  is  a distinct  loss  of  10  to  20  . 
per  cent  in  the  wages  and  a corresponding  loss  in  the  crop  returns. 
In  some  places  I should  estimate  the  loss  at  even  a higher  percentage, 
say  an  average  of  25  per  cent,  while  in  several  families  which  I have 
examined  I should  say  that  uncinariasis  is  reducing  the  laboring 
capacity,  hence  the  productiveness,  of  the  family  to  as  low  as  30  to  10 
per  cent,  thus  entailing  a loss  of  60  to  70  per  cent. 

Nor  are  the  losses  in  wages  and  m the  laboring  capacity,  and  the 
decrease  of  productiveness  of  the  family,  hence  of  the  farm,  ami  finally 
of  the  county  and  State,  the  only  economic  considerations  involved. 
Cases  are  not  unknown  where  families  have  sold,  moved,  or  destroved 
their  homes,  or  were  about  to  do  so,  because  of  the  existence  of  this 
disease  and  because  of  the -belief  that  it  might  be  due  to  the  locality 
in  which  they  lived. 
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Again,  it  is  almost  a common  experience  to  l)e  told  hv  the  father 
of  a faniih’  that  he  spends  for  medicine  all  he  earns,  in  the  hojx‘  of 
ridding  his  children  of  this  malady.  Add  to  this  the  physicians'  hills, 
the  loss  by  death  and  funeral  expenses,  etc.,  and  it  is  seen  that  this 
infection  is  keeping  more  than  one  family  in  absolute  poverty. 

Nor  should  we  forget  that  uncinariasis  has  its  important  bearing 
upon  the  mental  as  well  as  upon  the  physical  and  tinancial  development 
of  the  poorer  white  people.  As  already  stated,  children  infected  with 
this  maladv  are  often  underdeveloped  mentally;  frequently  they  have 
a reputation  in  the  schools,  in  the  neighborhood,  and  in  their  own 
family,  of  being  ‘‘stupid,'’  or  “dull,"  or  “backward"  in  their  studies, 
etc.  Tt  has  alreadv  been  mentioned  that  children  sutieriiu^  with  this 
disease  are  frequently  kept  home  from  school  because  of  their  tendencv 
to  become  edematous  when  they  sit  still  for  any  length  of  time. 
When  we  now  recall  that  these  conditions  coincide  especially  with  the 
educational  period,  it  should  not  seem  strange  that  uncinariasis  has  a 
marked  intiuence  upon  the  general  intellectual  condition  of  the  dis- 
tricts in  which  it  occurs. 

Considering  the  subject  in  the  light  of  all  I saw  on  the  trip,  and 
taking  what  I believe  to  be  a conservative  view  of  the  subject,  1 tind 
it  exceedingly  difficult  to  escape  the  conclusion  that  in  uncinariasis, 
caused  bv  Unc'inaria  amerlcana^  we  have  a pathologic  basis  as  one  of 
the  most  important  factors  in  the  inferior  mental,  physical,  and  tinancial 
condition  of  the  poorer  classes  of  the  white  population  of  the  rural 
sand  and  piney  wood  districts  which  1 visited.  This  sounds  like  an 
I extreme  statement,  but  it  is  based  upon  extreme  facts. 

By  this  position  r do  not  intend  to  assert  that  uncinariasis  is  the 
only  factor  which  comes  into  consideration.  The  warm  climate  and 
the  monotonous  diet,  and  probabh^  also  the  excessive  use  of  tobacco 
in  some  cases,  are  not  without  influence.  Still,  with  uncinariasis  as  it 
exi.sts  to-day,  these  })eople  are  suflering  from  a handica])  in  life  which 
practically  removes  them  from  a fair  chance  in  competition.  If  the 
uncinariasis  is  removed  the\^  will  be  ])laced  in  a more  favonihle  con- 
dition both  subjectively  and  objectively.  With  the  present  jirevalence 
of  uncinariasis  their  lack  of  ambition  is  perfectly  natural:  riMiiove  the 
disease  and  the}"  can  develop  ambition. 

On  the  other  hand,  if  we  were  to  select  the  strongest  pt'ople  in  the 
country  and  place  them  in  the  conditions  under  which  these  j)atients 
are  now  living  it  would  be  onlv  a generation  or  two  beton'  even  a 
race  of  athletes  would  lie  in  the  same  condition  as  the  jn'rsons  under 
discussion. 

The  conditions  described  are  familiar  to  ]iersons  wlio  have  visited 
the  rural  sand  districts.  But  they  have  existed  for  .so  many  years  tliat 
many  of  us  to-day  look  upon  them  as  natural,  hence  they  do  not 
attract  the  consideration  to  which  they  are  entitled. 

19558— No.  10  -03  — -7  • 
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(tEOGRAPHIC  RISTEIBITIOX  AND  ABSTRACTS  OE  CASES  FOUND  IN 

THE  UNITED  STATES. 

In  a former  paper  (Stiles.  1902b,  pp.  206-217)  I gave  abstracts  of 
all  the  cases  of  uncinariasis  known  to  me  at  that  time  for  the  United 
States.  The  disease  is  now  proved  to  be  so  common  in  certain  por- 
tions of  the  country  that  it  is  hardly  necessary  to  keep  a full  record  of 
every  case  found,  but  on  account  of  the  medico-historical  interest  asso- 
ciated with  the  subject,  and  also  in  order  to  complete  the  literature  and 
details  of  geographic  distribution,  there  are  here  added  abstracts  and 
notices  of  various  cases  which  have  come  to  my  knowledge  since  the 
above-mentioned  paper  was  completed. 

Xew  England  States. 

NEW  HAMPSHIRE. 

Xo  positively  diagnosed  cases  of  hookworm  disease  seem  to  be 
recorded  for  this  State. 

Center  Eppingham,  1S76 ^ 1 case,  i death. 

Gould  (1876,  pp.  417,  418)  refers  to  a case  of  i^ica  or  dirt-eating  which  sounds  sus- 
piciously lihe  uncinariasis. 

Middle  States. 

NEW  YORK.  I 

Rochester,  1868  ? 1 case.  ? death. 

Ely  (1868,  pp.  101, 102)  describes  a case  of  chalk-eating  which  may  j)ossibly  have 
been  due  to  uncinariasis,  though  this  is  by  no  means  certain. 

Buffalo,  1896 5 cases.  0 death. 

i 

Mcehlau’s  (1897)  cases.  See  Stiles  (1902b,  j).  209).  Doubts  have  arisen  in  the 
minds  of  some  physicians  as  to  whether  the$e  were  actually  cases  of  imcinariasis. 

Glen  Island,  1900 1 cases.  0 death.  i 

. I 

Ashford’s  cases  from  Porto  Pico.  Probably  due  to  Uncinaria  americana;  reported  j 
in  Stiles  (1902b,  p.  210).  | 

Stapleton 1 case,  0 death.'  j 

I 

Bailhache’s,  and  Greexe’s  (1901)  case.  Place  of  infection  uncertain.  See  Stiles  i 
(1902b,  p.  21.5).  ; 

Albany,  1900 1 case.  0 death. 

Ward  (1902,  pp.  23-26):  American,  physician,  32  years  old.  Had  served  inU.  S. 
Army  in  the  Philippines.  Albany  hosiiital,  Peb.  6,  1902.  Report  on  feces  by  Dr. 
George  Blumer,  confirmed  by  Dr.  W.  S.  Thayer. 

? Albany,  1900 1 case,  0 death. 

Neuhax  and  Blumer.  Details  of  case  not  known  to  me. 
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PEXNSy  LVANIA. 

It  is  by  no  means  impossible  that  nncinariasis  will  }>e  found  amont^ 
the  miners  of  Pennsylvania.  As  so  many  of  these  men  are  immit»rants 
from  Europe,  the  Old  World  species.  Agcliylostnum  ihimJcimU  may  be 
expected. 

Philadelphia,  190()-1!)01 3 cases.  O death. 

Boston’s  cases  reported  by  Allyn  and  Behrend  ( 1901 ).  See  Stiles  ( B»02b,  j>.  21 1 ). 
Probably  due  to  Vncinari(t  (imericanfi. 

Philadelphia,  liiOl 1 case,  o death. 

Allyn  andBEHRENo’s  (1902)  case,  imported  from  Italy,  hence  due  to  Agchiilnxtomn 
duodenale. 

MARVLAXD. 

Baltimore,  190o 2 cases,  n death. 

IIemmeter’s  (1902)  cases;  probably  infected  in  Porto  Kico  and  due  to  I'licinaria 
americana.  See  Stiles  (1902b,  p.  210). 

Baltimore,  1901 1 case,  1 death. 

Hall’s  (1901)  case;  imported,  possibly  from  Vera  Cruz.  Due  to  Agchyloxtomn 
duodenale.  See  Stiles  (1902b,  pp.  213-215). 

Baltimore,  190:2 1 case.  0 death. 

Osler’s  case  [unpublished].  In  Johns  Hojikins  Ho.spital.  Patient  came  from 
North  Carolina.  Parasites  determined  by  Boggs  as  Uncinarm  americana,  contirnie<l 
liy  Stiles. 

DISTRICT  OF  COLUMBIA. 

Washington,  1901 [1  case.  1 death.] 

Claytor’s  (1901a,  1902a)  case,  from  Westmoreland  County,  Va.,  <lue  to  rnrinarin 
americana.  See  Stiles  (1902b,  pp.  211-212). 

Washington,  1902-_  __’ 1 case,  0 death. 

Herrick  (1902,  p.  101):  !Male,  37  years  old,  lived  in  (Termany  until  1S97,  Sent  to 
Philippine  Islands  September,  1899.  “Present  illne.«s  began  in  July,  UHX),  with  an 
attack  of  diarrhea.  He  had  from  10  to  15  movements  daily  for  three  month.s  with  a 
moderate  amount  of  tenesmus.  Mucus  and  bloo<I  appeared  in  the  stools  after  the 
first  month,  giving  them  a dark  tarry  appearance.  He  lost  weight  and  strength 
rapidly  during  this  time  and  gradually  became  short  of  breath  on  slightt‘st  ext*rtion. 
This  was  followed  by  a period  of  imiirovement,  the  stools  becoming  less  fre<|ueiit;  but 
in  January,  1901,  he  lu'came  worse  and  was  sent  to  the  hospital  at  Iloilo.  Since  then 
he  has  been  confined  to  hospitals,  on  account  of  weakness  and  dyspnea.  In  Sejitem- 
ber,  1901,  the  diarrhea  cea.^^ed,  and  although  he  has  gained  a little  weiglit  he  has  Ihhui 
steadily  growing  weaker.  At  no  time  had  he  heeii  subjwt  to  heiimrrhages  other 
than  .stated. 

“Physical  examination  shows  an  apparently  well-nourished  man  with  a ]H‘culiar 
lemon-yellow  pallor;  conjunctivas  and  mucous  membranes  are  pale;  sliglit  o‘dema  of 
the  ankles  is  present.  He  has  marked  «lyspn«ea  on  the  sliglitest  exertion.  The  lungs 
are  negative;  the  heart  is  enlarged;  the  point  of  ma.ximum  impul.<«*  is  in  the  filth 
intercostal  space  in  the  nipple  line.  A .‘^oft  blowing  systolic  murmur  is  audible  at 
the  apex  and  in  the  pulmonic  area.  Liver  dullness  extends  from  the  sixth  intercfvstal 
s]>ace  in  the  nipple  line  to  1 cm.  lielow  the  costal  margin.  The  i*dge  is  pal}»abh‘.  The 
spleen  is  enlarged  an<l  the  edge  is  palj»able  at  the  costal  margin.  The  urine  is  iu*gative. 
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“The  blood  is  verv  pale  and  watery;  a moderate  poikiloc^tosis  is  present;  there 
are  no  nucleated  red  corpuscles  and  no  malaria  organisms  present.  The  blood  count 
shows:  Eed  corpuscles,  1,120,000;  hemoglobin,  18  per  cent;  leucoc\*tes,  about  4,000; 
polymorphonuclear,  52  per  cent;  eosinophiles,  26.8  per  cent;  small  mononuclear,  14 
per  cent;  large  mononuclear,  4.4  per  cent;  transitional,  2.8  per  cent. 

“One  month  later,  the  patient  meantime  having  been  taking  arsenic  and  iron,  the 
blood  count  was  as  follows:  Eed  corpuscles,  1,450,000;  hemoglobin,  22  per  cent;  leu- 
cocytes, 2,000;  polymorphonuclear,  61  per  cent;  eosinophile,  18.2  per  cent;  small 
mononuclear,  16.4  per  cent;  large  mononuclear,  3.2  per  cent;  transitional,  1.2  per 
cent;  no  nucleated  red  cells. 

“There  had  been  practically  no  change  in  the  patient's  condition.  The  Ever  and 
spleen  were  as  in  the  former  note,  and  the  dyspncea  was  marked.  Numerous  typical 
ovums  of  the  Uncinaria  were  present  in  the  stools,  but  no  adult  forms  were  seen. 
After  the  usual  thymol  treatment  about  60  adult  worms  were  found.  They  resembled 
in  all  respects  Uncinaria  duodenalis,  and  were  identified  by  Dr.  Stiles  as  the  Old 
IVorld  hookworm.  The  ovums  present  were  in  the  progress  of  segmentation,  4 to  12 
cells  being  visible.  Xone  were  seen  containing  an  embryo,  as  frequently  occurs  in 
the  form  Uncinaria  americana,  described  by  Dr.  Stiles. 

“Blood  examinations,  ten  and  twenty  days  after  the  th^miol  treatment  was  begun, 
showed  the  following  counts: 


May  2S.  1902. 

June  7,  1902. 

Red  corpuscles number. . 

Hemos’lobin per  cent.. 

Leucocvtes number. . 

Polymorphonuclear per  cent. 

Eoanophile do 

Small  mononuclear do 

Large  mononuclear do 

Transitional do 

2. 300, 000 
23 
2,-500 
->4 
21 
17 
6 
■■) 

3.100.000 

27 

3.000 

62 

14 

17 

6 

1 

“The  general  condition  is  also  improving  rapidly,  although  the  parasites  are  not 
entirely  eliminated,  as  an  ovum  is  still  occasionally  found  in  the  stools.  ’ ’ 

Anacostia  (Government  Hospital  for  the  Insane).  I90fi_16  cases. 0 death. 

Cases  found  on  microscopic  examination  by  Stiles,  Garrison.  Eansom,  and  Steven- 
son, of  Dnited  States  Public  Health  and  Marine-Hospital  Service.  Probably  most 
if  not  all  of  these  were  infected  in  other  locahties.  (See  p.  37. ) 

viEGiyiA. 

Essex  County,  i date J cases.  Gdeaths. 

Passed  Asst.  Surgeon  Johx  F.  Axdeksox  has  stated  to  me  that  there  exists  in  Essex 
Counn*  a condition'of  “bloat' ’ and  anemia  which  is  usually  attributed  to  dirt-eating, 
and  which  cori'esponds  in  general  to  the  conditions  described  in  this  paper. 


Richmond,  1852 { 1 case.  0 death. 

PoLLAKD  (1852,  p.  185)  reports  a case  of  dirt-eating.  Its  connection  with  uncina- 
riasis is  possible,  but  not  clear. 

Richmond,  1898 1 or  2 cases.  0 death. 

Gray's  (1901)  case.  See  Stiles  (1902b,  p.  209). 

Westmoreland  County,  1901 1 case.  1 death. 

Claytoe's  case.  See  District  of  Columbia. 

Westmoreland  County,  ' date 2 cases,  0 death. 


Deferred  to  by  Stuart  in  Stiles  (1901,  p.  525,  and  1902b,  p.  212). 
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NORTH  CAROLINA, 

Judo'in^  from  the  size  of  the  ego-s,  rH  the  cases  I found  in  North 
Carolina  were  due  to  Uncinar  ’tn  (tim'vicaxa. 

Roanoke  River  Valley,  ])rior  to  180S { cases.  ' deaths. 

Pitt  (1808)  states  that  inalacia  or  dirt-eatiiiy:  “jirevails  mostly  amonj'  the  i»oort*r 
white  people  and  negroes,  and  originates  in  my  opinion  from  a deticiency  of  nourish- 
ment.” He  refers  also  to  the  slowly  healing  ulcers  on  the  legs,  and  to  the  “tallow 
complexion,”  His  general  description  points  quite  distinctly  to  uncinaria.^is. 


Person  County,  1832  f cases,  f deaths. 

Jordan  (1832,  pp.  18-30)  gives  a discussion  of  dirt-eating  which  (piite  positively 
refers,  at  least  in  part,  to  uncinariasis. 

Durgy,  Person  County,  1902 ..2  cases,  n (h‘ath. 

Stiles  (1903b,  p.  38). 

Cumnock  Coal  Mines,  Chatham  County,  1902 1 case,  o death. 

Stiles  (1903b,  p.  38). 

Gaston  County,  about  1880 ? ca.ses,  ? deaths. 


The  following  interesting  letter  has  been  received  from  Dr.  Barringer,  and  indi- 
cates the  presence  of  uncinariasis  in  Gaston  County: 

“Dear  Sir;  I have  just  seen  in  the  Marine-Hospital  Service  Public  Health  Reports 
your  letter  of  October  22,  from  Kershaw,  S.  C.  1 was  for  many  years  locate<l  in  the 
district  in  which  you  have  been  working,  and  your  letter  has  thrown  an  immense 
amount  of  retrospective  light  on  what  1 saw  there.  IMy  work  was  done  in  the  early 
eighties,  and  yet  I still  remember  many  cases  of  pernicious  anemia,  which  was  accom- 
panied in  some  cases  by  dropsical  effusions  and  diarrhea,  a combination  I could 
never  make  out,  and  yet  this  must  have  been  uncinariasis. 

“Whole  sections  ofthe  illicit  distillers  of  Kings  Mountain,  in  Gaston  County,  N.  C., 
were  affected,  and  the  dirt-eating  whites  of  this  section  seemed  to  have  a malady  dif- 
ferent from  those  of  the  better  class  in  the  neighborhood.  I tried  a tannic  acid 
preparation,  which  seemed  to  do  more  good  than  anything  else,  and  I wish  now  1 
had  tried  Areca  nut.  By  the  bye,  I also  recall  that  my  pointer  dogs  in  this  .‘Section 
seemed  to  be  afflicted  in  the  same  way.  During  my  stay  in  Gaston  County,  from 
1878  to  1881,  I lost  two  dogs,  who  used  to  follow  me  around  to  these  houses,  from  an 
unknown  (li.^jorder. 

*****  * * 

“ I remain,  yours,  very  respectfully, 

“ P.  B.  Barri.nokr.  ( 'linirnifin. 

“ Dr.  Cii.  Wardell  8tile.s, 

Care  Marine- 1 loKpital  Service,  Washiiujlnn,  IK 

SOUTH  UAROLINA. 

Judcring  from  the  measurements  of  tlie  eggs,  all  tlu'  cases  I found 
in  South  Carolina  were  due  to  I nc  'niarht  (nncncnnn. 

Date? . f cases,  f death*^. 

Hecsinoer  and  Geddinos,  quoted  hy  Blanchard,  ISSSa,  could  not  U*  tnu*c<l. 

Adams  Run,  Colleton  County,  1902 4 cases,  o death. 

Stiles  (19031),  p.  41):  Orphans  at  (’harleston. 
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Barnwell  County,  1902  1 case,  0 death. 

Stiles  (1903b,  p.  41):  Medical  student  at  Charleston. 

Berkeley  County,  1902 . 3 cases,  0 death. 

Stiles  (1903b,  p.  41):  Orphans  at  Charleston. 

Camden,  Kershaw  County,  1902  - 2 cases,  0 death. 

Stiles  (1903b,  p.  39):  Brickyard. 

Charleston,  Charleston  County,  1902  3 cases,  0 death. 

Dr.  De  Saussuee,  quoted  by  Stiles  (1903b,  p.  41):  Source  of  infection  not  stated. 

Charleston  County,  1902 2 cases,  0 death. 

Stiles  (1903b,  p.  41) : Medical  students  at  Charleston;  came  from  seacoast  islands. 

Charleston,  Charleston  County,  1902 [15  cases,  0 death.] 

Stiles  (1903b,  p.  41):  At  orphan  asylum.  Children  came  from  Dorchester  (1), 
Berkeley  (3),  Colleton  (4),  and  Charleston  (7)  counties 

Charleston,  Charleston  County,  1902 [1  cases,  0 death.] 

Stiles  ( 1903b,  p.  41 ) : Medical  students  from  Barnwell  ( 1 ) , Florence  ( 1 ) , and 
Charleston  (2)  counties. 

Florence,  Florence  County,  1902  1 case,  0 death. 

Stiles  (1903b,  p.  41):  Medical  student  at  Charleston. 

Lancaster  and  Kershaw  counties,  1902  about  50  cases,  0 death. 

Stiles  (1903b,  pp.  40-41). 

McClellanville,  Charleston  County,  1902 1 cases,  0 death. 

Stiles  (1903b,  p.  41) : Orphans  at  Charleston. 

Plum  Island,  Charleston  County,  1902  3 cases,  0 death. 

Stiles  (1903b,  p.  41):  Orphans  at  Charleston. 

Summerville,  Dorchester  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  41):  Orphan  at  Charleston. 

GEORGIA. 

Judging  from  the  size  of  the  eggs,  all  the  cases  I found  in  Georgia 


were  due  to  Uncinaria  americana.  Harris  states  that  his  cases  were 
due  to  the  same  species. 

Locality?  Date? ? cases,  ? deaths. 

Lyell  quoted  by  Blanchard  (1888a),  could  not  be  traced. 

Richmond  County,  1836  ? cases,  ? deaths. 

CoTTiNG  (1836a,  pp.  288-290)  states  that  clay  is  eaten  by  many  people,  especially 
by  children.  Probably  at  least  some  of  the  cases  were  connected  with  uncinariasis. 

Pine  Barrens  of  Georgia,  1815 ? cases,  ? deaths. 

Le  Conte  (1845,  pp.  417-444)  states  that  dirt-eating  is  common  in  the  pine  barrens 
of  Georgia.  His  description  refers  quite  clearly  to  uncinariasis,  at  least  in  part. 


Appling  County,  1 caso,  ' death. 

Harris  (1902a,  pp.  99-100) : ^Male,  fanner,  29  years  old.  Healthy  until  14  yeai-s  of 
age,  then  observed  that  he  was  never  so  well  in  latter  part  of  winter  and  .'jj»ringas 
in  summer  and  fall.  Anemic;  weak;  food  ta.'^tes  salty;  in  spring  the  arms,  hands, 
and  dorsal  surface  of  feet  becnme  greatly  inllamed,  blisters  hjrin,  followed  by  scabs; 
severe  constipation;  pains  in  neck  and  stomach;  vomiting  fretpieiit;  weight  117 
pounds;  skin  pale  and  wrinkled,  smooth  and  dry;  very  little  beanl;  mucous  mem- 
branes very  pale;  tongue  moist,  shows  indentations  of  teeth,  and  its  epithelium  in  a 
large  measure  absent;  teeth  small,  quite  a number  of  them  <lecayed;  jmlse  9t),  res- 
inration  20,  temperature  98°  F.;  body  somewhat  emaciated;  heart  with  soft,  bl<»wing 
systolic  murmur  constant,  varying  greatly  in  intensity;  marked  venous  hum  over 
right  jugular;  just  below  the  ensiform  cartilage  and  to  the  left  great  tenderness; 
stomach  normal  in  size  and  position;  after  Kwald  trial  meal,  t<*tal  aciflity  t>4,  llC’l 
40,  combined  HCl  4,  phosphates  4;  spleen  and  intestines  normal;  feces  dark  brick- 
red;  Unchiaria  tggti  j)resent;  urine  2,800  cm.  in  twenty-four  hours,  light  yellowish- 
red;  specific  gravity,  1.012,  faintly  alkaline,  no  sugar,  at  one  time  faint  ring  of 
albumin,  albumose  not  present;  urea  in  twenty-four  hours,  21.15  grams,  uric  acid 
0.475  gram,  chlorids  8.15,  i)hosphates  2.87,  sulphates  2.82  grams,  illood:  Ke«l  cor- 
puscles 1,760,000,  white  4,020,  hemoglobin  20  per  cent;  decided  though  not  extreme 
poikilocytosis,  a nundier  of  microcytes;  a few  nucleated  reds;  small  lymphocytes  28, 
large  lymphocytes  14,  transitional  6,  polymorphonuclear  leucocytes  50,  eosinophiles 
2.  Vision,  right  eye  15-20,  left  eye  15-80.  Diagnosis:  Anchylostomiasis  and  j)os- 
sibh’  pellagra.  Treatment:  Afternoon,  10  grains  of  calomel;  next  day,  7 a.  m.,  80 
grains  of  thymol  in  capsules;  9 a.  m.,  80  grains  of  thymol;  8 p.  m.,  large  do.se  of  salts. 
Stools  ci^ntained  at  least  420  worms. — Harris,  1902b,  p}>.  220-227.  Same  ciise. 

Porter  Springs ...4  cases,  0 diaitli. 

Letter  of  H.  F.  Harris,  dated  August  9,  1902,  to  V.  S.  Bureau  of  Animal  Indus- 
try. He  states:  “I  am  absolutely  sure  that  this  disea.se  is  very  common  in  all  this 
region.”  One  of  the  four  cases  probably  originated  in  Troup  County,  the  other 
three  in  Lumiikin  or  neighboring  county. 

Locality  ?,  19ii2  T eases,  o detitli. 

Harris  (1902c,  p.  776)  states  that  since  reporting  his  lirst  ca.<e  he  has  di.scovered 
eleven  new  cases  for  Georgia.  See  also  Porter  Springs. 

Atlanta,  1DU2 1 easiq  1 diaitli. 

Claude  L Smith  (1902,  p.  1062):  Ca.se  reported;  mentioned  also  a similar  ca.<e  in 
a dog  which  had  eaten  some  of  the  infected  feces  of  the  patient.  ]\Ian  died  of  pleu- 
ritic abscess.  The  specimens  Avere  collected  post-mortem  in  a negro  at  (Jrady  Hos- 
pital, Atlanta. 

Dr.  Smith  kindly  sent  me  the  ]>arasites  for  examination.  Tin*  specimens  from 
man  (B.  A.  I.,  No.  8423)  ]>rove<l  to  be  rnriiuiria  amerU‘<uui,  whih*  those  from  the 
dog  (B.  A.  I.,  Nos.  3424  and  8425)  were  A (jchiiloxi own  mninnw. 

Atlanta,  November,  lb02 •_ - - - - ease.s,  o death. 

Cl.wde  A.  Smith  informed  me  in  a j)ersonal  letter  date<l  Di'ceinU'r  8,  UH)2,  that 
he  had  just  observed  two  cases,  both  from  Flori«la.  ()newito  a man  50  years  old, 
the  other  a dental  student. 

Albany,  Dougherty  County,  lbO*2 jiboiit  5 ea.ses,  o (h‘atli. 

Stiles  (1908b,  p.  43):  People  did  not  lielong  in  .Vlbany. 

Aniericus,  Sumter  County,  lb()2.. 

Stiles  (1908b,  p.  41):  Orphan  in  Viacom 


1 ea.stq  o death. 
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Baxley,  Appling  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Buena  Vista,  Marion  County,  1902 2 cases,  0 death. 

Stiles  (1903b,  p.  41):  Orphan  in  Macon. 

Cordele,  Dooly  County,  1902  1 case,  0 death. 

Stiles  (1903b,  p.  42);  Orphan  in  Macon. 

Darien,  McIntosh  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Effingham  County,  1902  : 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Fort  Valley,  Houston  County,  1902  _.50  cases,  0 death. 

Stiles  (1903b,  p.  42) : Dr.  Beoavx  stated  he  could  easily  find  50  or  more  cases.  5Ve 
examined  about  10  cases  together. 

Jackson  County,  1902 ( cases,  ? deaths. 

Dr.  Haedmax,  quoted  by  Stiles  (1903b,  p.  41). 

Johnson  County,  1902  1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon.  • , 

Jones  County,  1902 4 cases,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Kinderlou  Station,  Lowndes  County 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Lee  County,  1902 4 cases,  0 death. 

Stiles  (1903b,  p.  43):  Observed  with  Dr.  Hilsmax. 

Lyon,  Tattnall  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Macon,  Bibb  County,  1902 [29  cases,  0 death.] 


Stiles  (1903b,  pp.  41-42):  At  orphan  asylums.  See  Americus  (1),  Baxley  (1), 
Buena  Vista  (1),  Cordele  (1),  Darien  (1),  Effingham  (1),  Johnson  (1),  Jones  (4), 
Kinderlou  (1),  Lyon  (1),  Monroe  (1),  Eichwood  (2),  Sandersville  (1),  Thomas- 
ville  (1),  Savannah  (1),  tVaycross  (3),  Monroe  (1),  Georgia.  Also:  Deland  (4), 
Liveoak  (1),  tVacissa  (1),  Florida. 

Macon,  Bibb  County,  1902  about  25  to  30  cases,  0 death. 

Stiles  (1903b,  p.  42):  About  25  to  30  cases;  men,  women,  and  children  in  the 
cotton-mill  families. 

Monroe  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon. 

Richwood,  Dooly  County,  1902 -_2  cases,  C)  death. 

Stiles- (1903b,  p.  42):  Orphan  in  Macon. 

Sandersville,  Washington  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  42) : Orphan  in  Macon. 
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Savannah,  Chatham  County,  ll»o2 I case,  n dcatli. 

Stiles  (1903b,  p.  42):  Orphan  in  INIacon. 

Thomasville,  Thomas  County,  lbH2 I case.  <>  death. 

Stiles  (1903b,  p.  41):  Orphan  in  Macon. 

Washington  County,  190:^ ( cases,  n death. 


In  pei-sonal  conversation  with  Dr.  A.  Moody  Bckt,  I was  informed  tliat  there  were 
a number  of  persons  in  Washington  County  who  show  in  general  the  symptoms  <»f 


uncinariasis. 

Waycross,  Ware  County,  190:> 3 cases,  o death. 

Stiles  (1903b,  p.  42):  Orphan  in  ^lacon. 

Waycross,  Ware  County,  1902 ' cases.  ' d(‘aths. 


Stiles  (1903b,  p.  43):  Many  cases,  nuniljer  not  estimate<l;  about  20  cases  of  uncina- 
riasis to  1 of  malaria;  on  authority  of  Drs.  Izlak  and  Walker. 

Willacoochee  and  vicinity.  Coffee  County,  llM)2._2no  cases,  n d(‘ath. 

Stiles  (1903b,  p.  43):  Given  on  authority  of  Dr.  Wilcox.  AVe  examined  S ea<es 
together. 

FLORIDA. 

Judo-ino-  from  the  size  of  the  all  the  cases  I found  in  Florida, 
so  far  as  examined  microscopically,  were  due  to  Cnciwiritt  ainerlrinin. 

Prior  to  1845 cases.  deaths. 

Little  (1845)  refers  to  dirt-eating;  see  Stiles  (1902b,  p.  20S). 

Locality  ?,  19U2 ' cases,  f deaths. 

Guiteras’s  cases;  see  Stiles  (1902b,  p.  215). 

Locality  1902  1 case,  o death. 

Harris  (1902c,  p.  776):  Locality  not  given;’  originated  in  Florida. 

Baker  County \ cases,  f deaths. 

In  personal  conver.'^ation  with  a Jacksonville  druggist.  I was  informed  that  t^o-calUMl 
dirt -eaters  are  common  in  Baker  County. 

Clay  County ..i  cas(‘s.  f d(*aths. 

In  personal  conversation  with  a Jacksonville  druggist,  I was  informed  that  so-called 
dirt -eaters  are  common  in  Clay  County. 

Deland,  Volusia  County,  1902 ..4ras<*s.  o death. 

Stiles  (1903b,  p.  42):  Orphans  in  Macon,  Ha. 

Jacksonville,  Duval  County,  19D2 . - eases,  o detith. 

Stiles  (1903b,  p.  44). 

Liveoak,  Suwanee  County,  1902  -1  ea>e.  death. 

Stiles  (1903b,  }>.  42):  Orphan  in  Macon,  (ia. 

Tampa,  Hillsboro  County,  llto3 1-  ca.'^es,  o death. 

In  a letter  dated  March  21,  MH13,  Dr.  J.  S.  Helms  says:  ‘T  have  to  ilate  c«ilh*eie<i 
12  ca.ses  and  am  yet  working.  I dare  say  that  there  are  hundrinls  of  cases  in  south 
Florida.”  The  juirasites  were  rnciiutriti  nmeriennn. 
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Wacissa,  Jefferson  County,  1902 1 case,  0 death. 

Stiles  (1903b,  p.  42):  Orphan  in  Macon,  Ga. 

Ocala,  Marion  County,  1902  5 cases,  0 death. 

Stiles  f 1903b,  p.  44). 

Twiggs  County,  1902 ? cases,  ( deaths. 

I have  been  informed  that  in  Twiggs  County  there  exists  a condition  which  cor- 
responds to  uncinariasis. 

Upson  County ? cases,  ? deaths. 

There  is  said  to  exist  a great  deal  of  “bloat”  in  this  county.  Possibly  this  “bloat  ” 
is  due,  in  part  at  least,  to  uncinariasis. 

Waldo,  Alachua  County,  1902 about  12  cases,  0 death. 

Stiles  (1903b,  p.  44). 

ALABAMA. 

? Locality ? cases,  ? deaths. 

Lyell,  quoted  by  Blaxchaed,  1888a.  Could  not  be  traced. 

Middle  Alabama,  1902  __1  case,  0 death. 

Haeris  (1902c,  p.  776). 

Mobile  and  vicinity 2T  cases,  0 death. 

The  following  extracts  are  made  from  a letter  dated  .March  3,  1903,  from  Dr.  E.  D. 
Boxduraxt,  professor  of  pathology,  medical  department.  University  of  Alabama: 
‘ ‘ Some  weeks  ago  a fellow  practitioner  told  of  cases  of  intense  and  protracted  anemia 
he  was  treating,  suggested  the  possibility  of  uncinariasic,  and  asked  me  to  make  a 
microscopic  examination  of  the  fecal  discharges.  This  was  done,  and  I had  no 
difficulty  in  promptly  identifying  the  hookworm  ova  in  the  feces  of  every  one  of  his 
4 cases.  Shortly  afterward  I came  upon  2 cases  in  my  own  practice,  found  the  ova  in 
quantity,  and  after  thymol  I found  numbers  of  adult  worms.  At  the  city  hospital 
we  have  already  had  several  [?3]  others,  and  one  physician  who  has  actively  taken 
up  the  search  in  his  anemic  country  patients  tells  me  that  he  has  found  about  15 
cases.  There  is  no  doubt  that  the  disease  is  very  common  in  the  country  surround- 
ing Mobile.  * * * Our  ‘poor  whites’  are  surely  widely  infected  with  the 

disorder  * * * .” 

In  a letter  dated  March  13,  Dr.  E.  D.  Bondurant  says:  “ I have,  since  1 last  wrote 
you,  diagnosed  cases  from  Monroe  County,  Covington  County,  and  Crenshaw  County, 
this  State,  as  well  as  numerous  other  cases  in  the  district  immediately  around 
Mobile.  * * * All  of  my  cases  have  promptly  improved  after  thymol.” 

Monroe  County,  1903 1 case,  0 death. 

Quoted  on  the  authority  of  a letter  dated  March  3,  1903,  from  Dr.  E.  D.  Box- 
duraxt. 

Waldo,  Talladega  County ? cases,  ? deaths. 

A trained  nurse.  Miss  Edith  Lide,  has  described  to  me  a family  at  Waldo  whose 
symptoms  (anemia,  heart,  emaciation,  dirt-eating,  etc.)  point  almost  unmistakably 
to  hookworm  disease. 

MISSISSIPPI. 

One  of  the  American  physicians  (Dr.  Kirby-Smith)  who  saw  several 
cases  of  uncinariasis  in  Cuba  has  recently  stated  to  me  that  this  disease 
is  undoubtedh"  present  in  Mississippi,  but  its  exact  nature  has  not  been 
recognized.  He  is  convinced  that  he  himself  has  seen  a number  of 
cases  which  were  confused  with  maD.rffi. 
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ARKANSAS. 

Uncinariasis  does  not  appear  to  be  proved  as  yet  for  Arkansas,  but 
I have  been  told  that  it  is  probably  present. 

LOUISIANA. 

Louisiana,  prior  to  1821  and  1850 ? cases,  ? deaths. 

Chabert’s  (1821a)  and  Duxcax’s  (1850,  St.  3Iai’v  Parish)  accounts  of  dirt-eating 
apply  very  well  to  uncinariasis.  See  Stiles  (1902b,  p.  207) . 

New  Orleans,  1899 1 case,  0 death. 

Tebault’s  (1899)  case.  See  Stiles  (1902b,  -p.  209). 

Dirt-eaters  are  said  to  be  numerous  in  the  5Iississix)pi  Delta  near  Baton  Eouge. 

TEXAS. 

Locality?,  1861: 1 case,  1 death. 

Herff’s  (1864)  case  in  Mexican  woman.  See  Stiles  (1902b,  p.  208). 

Galveston,  1894 1 case,  0 death. 

Allex  J.  Smith’s  case,  reported  by  Schaefer  (1901).  See  Stiles  (1902b,  p.  208). 

Galveston,  1900-1901  1 case,  0 death. 

Schaefer’s  (1901)  case;  probably  infected  in  Mexico.  See  Stiles  (1902b,  p.  211). 

Galveston,  1901 8 cases,  0 death. 

Allen  J.  Smith’s  cases,  reported  in  part  by  Schaefer  (1901).  See  Stiles  (1902b, 
p.  211) . At  least  one  of  these  cases  was  due  to  Uncinaria  americana. 

Encinal,  La  Salle  County;  Heampstead,  Waller  County;  Lavaca 
County,  1898  ? cases,  ? deaths. 

Upon  seeing  my  description  of  hookworm  disease  and  the  photograph  from  which 
figure  42  was  made,  Mr.  Charles  A.  Pfender,  assistant  in  the  Zoological  Laboratory, 
U.  S.  Bureau  of  Animal  Industry,  stated  to  me  that  he  had  seen  similar  conditions 
among  Mexican  children  in  Encinal,  among  negroes  at  Heampstead  in  Brazos  Eiver 
bottom,  and  among  the  poorer  people  in  the  southern  portion  of  Lavaca  County, 
along  the  Navidad  Eiver. 

Central  States. 

ILLINOIS. 

Chicago,  1902  1 case,  1 death. 

C.^pps  (1902a;  1903a,  pp.  28-33) : Patient,  G.  L.,  in  Cook  County  Hospital;  male;  52 
years  old;  carpenter;  American.  Infection  probably  took  place  at  Panama.  Earliest 
symptoms  two  years  ago,  aching  pain  in  upper  belly,  loss  of  appetite,  and  weakness. 
No  nausea  or  vomiting.  Bowels  irregular,  loose  or  constipated.  Later,  shortness  of 
breath  and  dizziness;  also-  palpitation  of  heart.  In  hospital  fifteen  months  at  Xew 
Orleans;  diagnosis,  pernicious  anemia.  September  9, 1902,  admitted  to  Cook  County 
Hospital;  pains  in  belly,  weakness,  dyspnea,  and  palpitation.  After  sitting  or 
standing  feet  would  swell.  Frequent  dizziness  and  faintness.  Occasionally  had 
developed  moderate  fever,  at  which  time  epigastric  pain  was  worse.  Appetite  poor. 
Constipation.  Gradual,  moderate  emaciation. 

Status  presens. — Man  of  medium  build;  skin  of  a lemon-yellow  color.  Fatty 
layer  fairly  well  preserved.  Sclerotics  -bluish  and  muddy.  Lips  and  mucous  mem- 
branes almost  bloodless.  Palpable  arteries  moderately  thickened.  Pulse  of  large 
volume,  soft  and  compressible;  low  tension,  with  a decided  water-haminer  character. 
Lungs  negative.  Heart  dullness  extended  to  the  left  nipple  line,  to  the  upper  border 
of  the  third  rib  above,  and  to  the  right  edge  of  the  sternum.  The  impulse  was  forci- 
ble and  diffuse.  Over  the  apex  was  a systolic  blow  transmitted  to  the  anterior  axil- 
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larv  line.  A louder  bruit  of  a different  pitch  was  audible  over  the  mitral  area  and 
the  base.  The  pulmonic  sound  was  louder  than  the  aortic  closure. 

‘‘The  spleen  was  not  palpable,  though  its  area  of  dullness  was  enlarged.  The  liver 
was  not  felt.  The  epigastric  and  umbilical  regions  were  tender  to  pressure.  Knee 
jerks  present  but  not  promi^t. 

“Temperature  98.6,  pulse  90,  respiration  20.  Urine  1.015;  no  albumen,  no  sugar, 
and  no  casts. 

“ September  11,  blood  examination  showed  hemaglobin  18  per  cent;  reds,  2,576,000; 
whites,  6,600.  Ko  stained  preparations  were  made. 

“ September  15,  gastric  contents  were  expressed  one  hour  after  a test  meal  of  tea 
and  toast.  No  free  HCl  present;  no  lactic  acid. 

“September  23,  blood  examination,  hemog.  17  per  cent;  reds,  2,280,000;  whites, 

6,000. 

“October  20,  blood  examination,  hemog.  12.5  per  cent;  reds,  813,000;  hematocrit, 
980,000;  whites,  4,500;  color  index,  0.80;  volume  index,  1.17.  The  differential  count 
showed:  small  mononuclear,  10  per  cent;  large  mononuclear,  11  per  cent;  polymorph, 
neutrophile,  66  per  cent;  pohunorph.  eosinophiles,  13  per  cent;  no  rouleaux  forma- 
tion; no  nucleated  red  cells;  poikilocytosis  marked;  polychromatoiDhilia  marked. 

'‘The  presence  of  pronounced  eosinophilia  in  a case  of  grave  anemia  made  us 
strongly  suspect  the  existence  of  an  intestinal  parasite,  so  that  the  stools  were  exam- 
ined frequently.  The  earlier  specimens  of  feces  were  watery  from  the  rectal  injections 
employed,  and  were  therefore  not  easily  studied.  In  a formed  movement,  however, 
the  ova  were  found  in  large  numbers.  These  eggs  corre-ponded  accurately  in  dimen- 
sions to  those  of  Uncinaria  duodenalis,  measuring  about  56  microns  in  length  and  34 
microns  in  width. 

“ Subsequently  the  eggs  of  Tricocephalus  dispar  ere  found  in  small  number  by 
Dr.  J.  L.  Miller.  Charcot-Leyden  crystals  were  present  in  some  preparations,  absent 
in  others.  Cover  glass  smears  of  feces  hardened  in  alcohol  and  ether  were  stained 
with  hematoxylin  and  eosin  and  eosinophilic  granulations  demonstrated.  These 
granulations,  like  the  Charcot  crystals,  were  never  numerous,  as  is  so  often  the  case 
in  ankvlostomiasis. 

“ The  eggs  were  successfully  cultivated  and  the  larvm  brought  to  mature  develop- 
ment. These  experiments  will  be  described  later. 

“ November  6,  examination  of  the  blood  gave:  hemaglobin  11  per  cent;  reds, 
748,000;  hematocrit,  915,000;  whites,  5,600;  color  index,  88  per  cent;  volume  index, 
122  per  cent.  Differential  count:  small  mononuclear,  15.8  per  cent;  large  mono- 
nuclear, 6.8  per  cent;  polymorph,  neutrophile,  70.2  per  cent;  eosinophile,  7.6  per 
cent;  eosinophilic  myelocytes,  0.2  per  cent;  mast  cells,  0.4  per  cent.  Poikilocytosis 
and  polychromatophilia  marked.  Coagulation  time,  five  minutes. 

“Previous  to  this  examination  the  patient  had  taken  thymol  in  small  doses,  and 
it  is  not  unlikely  that  many  parasites  were  swept  away  and  lost  in  the  stools.  The 
diminished  eosinophilia  and  the  small  number  of  eggs  found  in  the  stools  thereafter 
lend  support  to  this  assumption. 

History  in  the  hospital. — Treatment,  on  the  whole,  was  unsatisfactory,  because  of 
the  profound  weakness  of  the  patient  and  the  irritable  condition  of  the  stomach.  A 
persistent  nausea  set  in  that  interfered  with  stomach  feeding  and  made  the  adminis- 
tration of  thymol  ineffective  and  even  hazardous.  Nutrient  and  salt  enemata  were 
resorted  to,  but  the  vomiting  persisted  until  the  patient  succumbed,  on  November  13. 

“During  his  stay  in  the  hospital  the  most  conspicuous  symptom  was  epigastric  pain 
of  a dull  nature  at  first,  subsequently  colicky.  In  the  last  two  weeks,,  this  pain 
became  continuous,  and  was  accompanied  by  a great  tenderness  over  the  epigastric 
and  right  hypochondriac  regions.  The  liver  mass  extended  at  this  time  about  2 
inches  below  the  costal  arch,  and  the  tenderness,  on  pressure,  was  as  great  as  that 
seen  in  hepatic  abscess. 

“The  bowels,  as  a rule,  were  constipated,  and  required  rectal  enemata.  The  tern- 
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perature  was  usually  normal,  and  ranged  between  98.5°  and  99.5°  F.  A tendency  to 
hemorrhage  was  nowhere  to  be  seen,  except  from  the  intestinal  tract.  The  feces 
gave  the  prussian-blue  reaction  for  iron. 

“The  examination  of  the  eye  grounds  was  twice  carried  out  under  difficulties. 
No  retinal  hemorrhage  was  apparent. 

“The  blood  findings  throughout  were  of  a most  suggestive  nature;  an  anemia,, 
at  first  of  the  secondary  type,  progressing  until  it  corresponded  in  most  respects  to  a 
i primary  pernicious  anemia.  The  individual  corpuscles  grew  larger  and  held  an 
i ever-increasing  amount  of  hemoglobin,  the  color  index  rising  from  38  to  88  per  cent, 
and  the  volume  index  reaching  122  per  cent.  The  poikilocytosis  was  sufficiently 
I outspoken,  as  well  as  the  polychromatophilia,  for  a primary  anemia.  The  scarcity 
■ of  nucleated  red  corpuscles  and  the  entire  absence  of  megaloblasts  is  unusual  in 
r the  primary  pernicious  form,  yet  some  such  cases  have  been  reported.  What 
I convinced  us  that  the  anemia  was  not  of  the  usual  primary  type  was  the  eosinophilia 
.jiof  13  per  cent,  for  in  the  primary  disease  the  eosinophiles  are  rarely  increased.  On 
i»the  other  hand,  the  Uncinariae  and  most  of  the  other  intestinal  parasites  are  char- 
j acterized  by  an  increase  in  the  eosinophilic  cells. 

' Autopsy. — The  post-mortem  examination  was  made  Xovember  13  by  Dr.  Harris, 

resident  pathologist  of  the  hospital.  His  report  is  as  follows: 

“Body  is  that  of  a fairly  well-developed  and  fairly  well-nourished  man  162  cm. 
tall.  Post-mortem  rigidity  and  lividity  present. 

“There  is  a scar  0.5  cm.  long  on  left  arm,  some  edema  of  lower  extremities. 

• Paniculus  adiposus  well  preserved  and  of  a light-yellow  color. 

“ Abdominal  cavity:  Diaphragm  reaches  to  the  fifth  rib  on  the  right  side  and  to  the 
sixth  rib  on  the  left.  Some  free  straw-colored  fluid  in  peritoneal  cavity.  Omentum 
extends  down  to  the  pelvis  over  the  intestines  and  contains  a considerable  quantity 
;|-of  fat. 

“Pleural  cavities:  Some  firm  fibrous  adhesions  at  right  apex.  About  1,000  c.  c. 
-'straw-colored  fluid  in  right  pleural  cavity;  about  250  c.  c.  in  left.  Lungs  do  not 
E'  meet  in  median  line. 

“Pericardial  cavity:  About  500  c.  c.  of  straw-colored  fluid  in  the  pericardial  cavity. 
<|This  fluid  contains  a few  fibrinous  flocculi.  The  pericardium  is  thin  and  surface  is 
smooth. 

u “Tongue,  pharynx,  larynx,  not  examined.  Thymus  absent.  Esophagus  and 
trachea  negative. 

“Lungs:  Left  lung  smooth  externally,  marginal  emphysema,  crepitates  through- 
|i!Out,  floats  in  water,  cut  surface  smooth,  pale,  and  drips  fluid.  On  the  diaphragmatic 
jfeurface  is  a caseated  nodule  8 mm.  in  diameter.  Right  lung  with  the  exception  of 
the  caseous  nodule  corresponds  to  the  description  of  the  left.  Both  lungs  are  quite 
iifree  of  pigment  and  weigh  2,870  grams.  Peribronchial  lymph  glands  are  negative 
lexcept  for  anthracosis. 

i “Heart:  Cavities  are  quite  empty,  left  ventricle  contracted;  aortic  and  pulmonary 
ifeemilunar  valves  are  competent,  read  by  water  test.  Some  fibrous  thickening  at  the 
ifcase  of  the  aortic  valves.  One  of  the  valves  has  small  fenestration  3 mm.  long. 
;Pulmonary  valves  show  no  change.  The  mitral  orifice  admits  three  fingers,  and  the 
fvalve  shows  a small  amount  of  fibrous  thickening,  especially  near  the  free  borders. 
jp?he  tricuspid  orifice  admits  five  fingers;  the  valves  show  no  changes.  The  left 
),  Ijventricle  has  an  aberrant  corda  tendina  extending  from  the  septum  to  the  left  wall. 
D jiVentricular  wall  measures  16  mm.;  right  ventricular  wall  measures  5 mm.  Heart 
a nffiuscle  is  firm  and  very  yellow,  but  not  mottled.  Heart  weight,  300  grams.  There  is 
^ slight  increase  of  the  subepicardial  fat.  There  are  a few  atheromatous  patches  in 
the  ascending  aorta. 

“Spleen:  About  one-half  larger  than  normal;  capsule  is  smooth,  parenchyma  is 
^uite  firm;  malphigian  bodies  prominent;  there  is  an  evident  increase  of  connective 
issue.  The  organ  weighs  225  grams. 
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“ Kidiievs  ; Eight  weighs  175  grams.  Section  pale,  cortical  markings  not  well  . 
seen;  relation  between  cortex  and  medulla  is  normal;  capsule  strips  readily;  pelvis, 
is  normal.  Left  kidney  weighs  135  grams.  Answers  to  the  description  of  its  fellow. 

“L'reters,  bladder,  testicles,  and  adrenals  present  no  abnormal  appearances.  . 

“Liver ; Extends  4 cm.  below  costal  arch;  capsule  smooth  and  glistening — presents 
yellowish  mottled  appearance.  Cut  surface  mottled  yellow  and  red,  lobules  well 
seen.  Liver  cuts  with  decreased  resistance.  "Weighs  1,600  grams.  Bile  ducts  pat- ; 
ent,  bile  dark  brown,  no  concretions.  Pancreas  shows  no  changes. 

“ Stomach:  Of  normal  size,  externally  is  normal;  mucosa  is  covered  with  much 
grayish-yellow  mucus;  no  parasites.  i 

‘ ‘ Small  intestines : External  appearance  normal.  Intestines  contain  a very  large  | 
amount  of  very  tenacious  mucus.  In  the  duodenum  was  found  one  hook  worm. 
One  hundred  and  fifty  were  found  in  the  jejunum  and  upper  part  of  ileum,  being  ! 
most  numerous  in  the  upper  and  middle  jejunum.  None  found  in  last  18  inches  of  j 
ileum.  They  were  very  adherent,  and  were  in  the  proportion  of  about  four  females  i 
to  one  male.  At  point  of  attachment  of  some  of  the  parasites  was  found  a small  I 
ecchymotic  spot,  and  scattered  along  the  rest  of  the  mucosa  a few  other  ecchymotic  I 
spots  were  seen — possibly  points  of  previous  attachment.  The  mucus  in  places  was  | 
blood-stained.  Mesenteric  glands  were  enlarged  and  of  a pinkish  color.  Appendix  | 
lies  in  false  pelvis  to  the  outside  of  psoas  muscle  and  behind  cecum — bound  down  : 
by  fibrous  adhesions  and  curled  at  its  tip.  | 

“Spinal  cord  shows  no  microscopic  changes.  | 

“ Bone  marrow  removed  from  femur.  Marrow  is  yellow  and  very  fatty.  At  two  f 
.points  it  had  a reddish  color,  but  was  even  here  practically  all  fat.  f 

Anatomic  diagnosis:  I.  Uncinaria  duodenalis  ot  small  intestine.  2.  Ecchymosis  of  | 
intestinal  mucosa,  and  hemorrhage  into  intestinal  lumen.  3.  General  anemia  and 
edema  of  dependent  portions  of  body.  4.  Bilateral  hydrothorax.  5.  Hydroperi- 
cardium. 6.  Edema  of  lungs  and  caseous  tuberculosis  of  lower  left  lobe.  7.  Slight 
atheroma  of  aorta.  8.  Fatty  degeneration  of  heart  and  liver.  9.  Aberrant  corda 
tendina.  10.  Passive  congestion  and  fatty  degeneration  of  liver.  11.  Chronic  inter- 
stitial splenitis.” 

AVesterx  States. 

'vrT<i<ir»T’'T?T  '' 

St.  Louis,  1893___ ^ 1 case.  0 death.  ^ 

Blickhahx’s  (1893a)  case;  probably  imported  from  Germany  and  caused  by  Agchy- 
lostorna  duodenale.  See  Stiles  (1902  b,  p.  208).  j 

St.  Louis,  1901 1 case,  0 death.  ; 

Dyek’s  (1901)  case.  See  Stiles  (1902  b,  213).  ^ 

CALIFORXIA. 

San  Francisco,  1902 2 cases,  0 death. 

\ 

Letters  from  Drs.  G.  H.  EvAxsand  Mary  Haltox,  1902:  Two  soldiers  who  returned 
from  the  Philippines.  Through  the  kindness  of  the  observers  I was  able  to  exam- 
ine specimens  from  one  of  these  cases,  and  to  convince  myself  that  they  belonged 
to  the  American  species.  The  previous  history  of  the  patient  was  not  obtained. 

San  Francisco,  1903  2 cases,  0 death,  d 

Beowx  (1903,  p.  107) : Three  patients  infected  with  2 of  these  (natives  j 

of  Porto  Rico)  were  also  infected  with  Uncinaria.  - | 

? Locality 3 cases,  0 death. 

L.  Miffitt’s  (cases  cited  by  Capps,  1903a).  Two  cases  from  Mexico,  one  from  the 
Philippines.  Diagnosis  by  ova. 
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1893a. — A case  of  ankylostomiasis  <Med.  Xews,  Phila.  (1091),  y.  63  (24),  Dec.  9, 
pp.  662-663,  2 figs.  [W%  W“.] 

Blumer,  George. 

1903. — Report  on  Dr.  R.  Mb  A. ’s  stools  <xYlban3'  M.  Ann.,  y.  24  (1),  Jan.,  p.  26. 
[W“.]  \_See  also  Ward,  Samuel  B.,  1903,  pp.  23-26.] 

Brown,  Philip  King. 

1903. — Strongyloides  and  Uncinaria  C^Occidental  M.  Times,  San  Francisco,  y.  17  (3), 
Mar.,  p.  107.  [W"\] 

Capps,  Joseph  A. 

1902a. — Anchylostoma  duodenale.  [ReYiew  of  paper  presented  before  Chicago  YIed. 

Soc.]  <Med.  News,  K.  Y.  (1559),  y.  81  (22),  Xoy.  29,  p,  1042.  [W%  W“] 

1903a. — Uncinariasis  or  ankylostomiasis  with  the  report  of  a case  <J.  Am.  M.  Ass., 
Chicago,  Y.  40  (1),  Jan.  3,  pp.  28-33.  [W%  W“.] 

Chabert,  Jean  Louis. 

1821a. — Refiexions  medicales  sur  la  maladie  spasmodico-lip3wienne  des  pays  chauds, 
Yulgairement  appelee  fieYre  jaune.  x-l-317pp.  8°.  XouYelle-Orleans. 

[W“] 

Cheyalier,  j. -Damien. 

1752a. — Lettres  a M.  Dejean.  I.  Sur  les  maladies  de  St.-Domingue.  254  pp.  8°. 
Paris.  [W“.] 
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Claytor,  Thomas  A. 

1901a. — A preliminary  report  upon  a case  of  uncinariosis  ( ankylostomiasis )<Phila. 

IM.  J.,  Y.  7 (26),  June  29,  p.  1251.  ] 

1902a. — Uncinariosis  (ankylostomiasis),  a further  report  of  a case,  with  notes  <Am. 
J.  M.  Sc.,  Phila.\^358),  v.  123  (1),  Jan.,  pp.  28-38.  [W%  ] 

COTTING,  J.  E. 

1836a. — Analysis  of  a species  of  clay  found  in  Kichmond  County  which  is  eagerly 
sought  after  and  eaten  by  many  people,  particularly  children  <South. 
M.  & S.  J.,  Augusta,  V.  1 (5),  Oct.,  pp.  288-290.  [Xote  by  editors,  pp. 
290-292.]  [W“.] 

Cragin,  F.  W. 

1836a. — Observations  on  cachexia  africana  or  dirt-eating  <Am.  J.  M.  Sc.,  Phila.,  v. 

17  (34),  Feb.,  pp.  356-362.  [MS.  deted  Dec,  10,  1834.]  [Xote  by  editor, 
pp.  362-364.]  [M"“.] 

Dalgetty,  a.  B. 

1901. — Water  itch;  or,  sore  feet  of  coolies  <J.  Trop,  M.,  Bond,,  v.  4,  Mar.  1,  pp. 
73-77,  1 pi.,  tigs.  1-9.  [M"“] 

Dazille,  [Jeax-Barthelemy]  . 

1792. — Observations  sur  les  maladies  des  negres,  leurs  causes,  leurs  traitemens,  et 
les  movens  de  les  prevenir.  2.  ed.,  v.  1,  14  p.  1.,  460  pp.  8°.  Paris. 
[AV-.]  ^ 

Dobson,  Edwin  F.  H,  [M.  B. ; Surg.-Major,  Civil  Surgeon,  Dhubri,  Assam.] 

1893. — Special  report  on  anchylostomiasis  <Eep.  Prov.  Assam,  Shillong  (1892), 
pp.  63-98.  [MS.  dated  Mar,  5.]  ['W“.] 

Dubini,  Angelo. 

1843. — Xuovo  verme  intestinale  umano  {Agcliylostoma  duodenale),  costituente  un 
sesto  genere.  dei  Aematoidei  proprii  dell’  uomo  <Ann.  univ.  di  med., 
Milano  (316),  v.  106,  Apr.,  pp,  5-13,  pis.  1-2.  [IV^,] 

Duncan,  James  B. 

1850. — Eeport  on  the  topography,  climate,  and  diseases  of  the  parish  of  St.  Mary, 
La.  <South.  M.  Eep.  (Fenner),  A.  Orl.,  v.  1,  pp.  190-196.  [W“.] 

Dyer,  J.  H. 

1901. — Anchvlostomiasis  <[Interstate  M.  J.,  St.  Louis,  v.  8 (3),  Mar.  15,  pp.  94-96. 
[AV“.] 

Eichhorst,  Hermann. 

1901. — A text-book  of  the  practice  of  medicine;  authorized  translation  from  the 
German,  edited  by  Augustus  A.  Eshner.  v.  1,  628  pp.,  84  tigs.  8°. 
Philadelphia  & London.  [M"“.] 

[?  Elliot.] 

1900.  — Pani  ghao — water-sore — commonly  called  “sore  feet”  of  Assam  coolies 

<J.  Trop.  M.,  Lond.,  v.  3,  Dec.,  pp.  103-110,  tigs.  1-12.  [W“.] 

Ely,  AV.  AA\ 

1868. — Chalk-eating.  [Letter  to  editor]  <Boston  Al.  & S.  J.,  v.  78,  n.  s.,  v.  1 (7), 
Alar.  19,  pp.  101-102.  [AA"“.] 

Frcehlich,  Joseph  Aloysius. 

1789. — Beschreibungen  einiger  neuen  Eingeweidewiirmcr  <Aaturforscher,  Halle, 
V.  24,  pp.  101-162,  pi.  4.  [AAA] 

Ggeze,  Johann  August  Ephraim. 

1782. — Versuch  einer  Xaturgeschichte  der  Eingeweidewurmer  thierischer  Kbrper. 
xi-^471  pp.,  35  pis.  8°,  Blankenburg.  [AA"'^,] 

Gould,  A.  N.  ' 

1876, — A case  of  pica  <Boston  AI.  AS.  J.,  v,  94  (15),  Apr.  13,  pp,  417—118.  [AA'A] 
Gray,  AA^illiam  B. 

1901.  — Anchylostomum  duodenale <[A^irginia  Al.  Semi-Alonth.,  Eichmond, 

V.  6 (11),  Sept.  27,  pp.  267-270.  AA^“.] 


Greene,  Joseph  B.  [Passed  Assistant-Surgeon,  U.  S.  Marine-Hospital  Service.] 

1902. — A case  of  ankylostomiasis  (uncinariasis)  occurring  in  a sailor  <X.  York 
M.  J.  (1215),  V.  75  (11),  Mar.  15,  p.  460.  AV®*.] 

Geiteras,  Juan. 

1901. — La  anquilostomiasis  en  Cuba.  [Abstract]  <Rev.  de  med.  trop.,  Habana, 
V.  2 (11),  p.  207.  [W“\] 

1902a. — La  anquilostomiasis  en  Cuba  <Eev.  de  med.  troj:).,  Habana,  v.  3 (7), 
julio,  pp.  107-110.  [W'^,  AV™.] 

1902b. — Ank)dostomiasis  in  Florida  and  Cuba:  the  new  species,  Uncinaria  umeri- 
cana  <Am.  Med.,  Phila.,  v.  4 (3),  July  19,  pp.  100-101.  [AA"%  AV“\] 

Hall,  E.  Lee. 

1901.  — Ankylostomiasis — report  of  a case  <J.  Am.  M.  Ass.,  Chicago,  v.  37  (22), 

Xov.  30,  pp.  1464-1465.  [AA"'b 
Hancock,  J. 

1831.  — Eemarks  on  the  common  cachexia,  or  leucophlegmasia,  called  mal  d’estomac 

in  the  colonies,  and  its  kindred  affections,  as  diopsy,  etc.  <Edinb.  M.  & 
S.  J.,  V.  35,  Jan.  1,  pp.  67-73.  [^A"A] 

Harris,  H.  F.  [A1.  D.,  Atlanta.] 

1902a. — Ankylostomiasis  in  an  individual  presenting  all  of  the  typical  symptoms  of 
pellagra  <(Am.  Aled.,  Phila.,  v.  4 (3),  July  19,  pp.  99-100.  [AA’%  AA^“.] 

1902  b. — A case  of  ankylostomiasis  jiresenting  the  symptoms  of  pellagra.  [Prac- 
tically same  as  Harris,  1902  a]  <Tr.  M.  Ass.  Georgia,  Atlanta,  53.  Session, 
pp.  220-227.  [Discussion,  pp.  232-236.]  [AA"“.] 

1902c. — Ankylostomiasis,  the  most  common  of  the  serious  diseases  of  the  southern 
l^art  of  the  United  States  <Am.  Aled.,  Phila.,  v.  4 (20),  Xov.  15,  p.  776. 
[AA^%  AA^"\] 

Hemmeter,  John  C. 

1902.  — Diseases  of  the  intestines,  their  special  pathology,  diagnosis,  and  treatment 

with  sections  on  anatomy  and  physiology,  microscopic  and  chemic  exam- 
ination of  the  intestinal  contents,  secretions,  feces,  and  urine.  Intestinal' 
bacteria  and  parasites;  surgery  of  the  intestines;  dietetics,  diseases  of  the 
rectum,  etc.  v.  2,  679  pp.,  65  tigs.,  13  pis.  8°.  Philadelphia.  [AA'^™.] 

Herff,  F. 

1894. — Eeport  of  parasitic  entozoa  encountered  in  general  practice  in  Texas  during 
over  forty  years  <Texas  AI.  J.,  Austin,  y.  9 (12),  June,  pp.  613-616. 
[AVU] 

Herrick,  A.  B. 

1902. — A case  of  severe  anemia  caused  by  the  Uncinaria  duudenalis  <[Am.  Med., 
Phila.,  y.  4 (3),  July.  19,  p.  101.  [W%  AV“.] 

Imray,  John. 

1843. — Observations  on  the  mal  d’estomac,  or  cachexia  africana,  as  it  takes  place 
among  the  negroes  of  Dominica  <Edinb.  AI.  & S.  J.,  v.  59,  Apr.  1,  pp. 
304-321.  [AA^™] 

Joachim,  H. 

1890. — Papyros  Ebers.  Das  iilteste  Buch  fiber  Heilkunde.  Aus  dem  Aegyptischen 
zum  erstenmal  vollstiindig  hbersetzt.  xx-^214— 1 pp.  8°.  Berlin. 
[AV“] 

Jordan,  C.  H. 

1832.  — Thoughts  on  cachexia  africana,  or  negro  consumption  <(Transyly.  J.  M., 

Lexington,  Ky.,  v.  5 (1),  Jan.-Alar.,  pp.  18-30.  [AA"“.] 

Jordan,  David  Starr;  & Clark,  George  Archibald. 

1898. — The  history,  condition,  and  needs  of  the  herd  of  fur  seals  resorting  to  the 
Pribilof  Islands.  {In  The  fur  seals  and  fur  seal  islands  of  the  North 
Pacific  Ocean,  by  David  Starr  Jordan  [&  others].  Pt.  1,  248-f-l-l-yii  pp., 
39  illus.  4°.  AA^’ashington.  [AA"b] 

19558— No.  10—03 8 
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Le  Coxte,  John. 

1845. — Observations  on  geophagy  <^Sonth.  M.  cfe  S.  J.,  Augusta,  n.  s.,  v.  1 (8), 
Aug.,  pp.  417—444.  [MS.  dated  June  25.]  [W™.] 

Lepixe,  R.  [Prof.  Faculte  de  med.,  Lyon.] 

1891a. — Sur  la  toxicite  de  I’extrait  de  fougere  male  <Semaine  med.,  Par.,  v.  11 
(41),  15  aout,  i').  337.  [W“.] 

1891b. — Sur  I’intoxication  produite  par  de  fortes  doses  d’extrait  de  fougere  male. — 
Action  contraire  de  I’ergotine  -<Semaine  med.,  Par.,  v.  11  (57),  25  nov., 
p.  465.  [M'“.] 

Leuckakt,  Rudolf. 

1867.  — Pie  menschlichen  Parasiten  und  die  von  ihnen  berruhrenden  Krankheiten. 

V.  2,  1.  Lief.,  pp.  1-256,  figs.  1-158.  8°.  Leipzig  ck  Heidelberg.  [IV^] 

1868.  — Idem  [continued],  v.  2,  2.  Lief.,  pp.  257-512,  figs.  159-282.  8°.  Leipzig 

& Heidelberg.  [IV^^.] 

1880. — Pie  Parasiten  des  Menschen  und  die  von  ihnen  berruhrenden  Krankheiten. 

2.  Aufl.,  V.  1,  2.  Lief.,  pp.  i-xxii— 337-856,  figs.  131-353.  8°.  Leipzig  & 

Heidelberg.  [lA^.] 

1889.  — Idem  [continued].  2.  Aufl.,  v.  1,  2.  Abt.,  4.  Lief.,  pp.  97-440.  8°. 

Leipzig. 

Little,  Robert  Edmox'ds. 

1845. — Remarks  on  the  climate,  diseases,  etc.,  of  middle  Florida,  particularly  of  Gads- 
den County  <[Am.  J.  M.  Sc.,  Phila.,  n.  s..  v.  10  (19),  July,  pp.  65-74.  [1A“.] 
Looss,  Arthur. 

1896.  — Recherches  sur  la  faune  parasitaire  de  PEgypte.  Premiere  partie  <Mem. 

de  rinst.  egypt.,  Le  Caire,  v.  3,  pii.  1-252,  pis.  1-16.  [Lib  Stiles.] 

1897.  — Kotizen  zur  Helminthologie  Egyptens.  II  <[Centralbl.  f.  Bakteriol.,  Parasit- 

enk.  [etc.],  Jena,  1.  Abt.,  v.  21  (24-25),  10.  Juli,  pp.  913-926,  fisrs.  1-10. 

[wy] 

1898.  — Zur  Lebensgeschichte  des  AnJ:ylostoma  duodenaJe.  Fine  Er^viderung  an 

Herrn  Prof.  Pr.  Leichtenstern  <(Centralbl.  f.  Bakteriol.,  Parasitenk. 
[etc.],  Jena,  1.  Abt.,  v.  24  (12).  27.  Sept.,  pp.  441-449;  (13).  12.  Okt.,  pp. 
483-488.  [1V%  W“.] 

1901.  — Ueber  das  Eindringen  der  Ankylostomalarven  in  die  menschliche  Haut 

<Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  29  (18),  31. 
Mai,  pp.  733-739,  1 pL,  figs.  1-3.  [1A%  IV™.] 

1902.  — Eeber  die  Giltigkeit  des  Gatt\mgsjia.mens  Aul'idostomum  Pubini  <Centralbl. 

f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  31  (9),  5.  Apr.,  Originale, 
' pp.  422-425.  [lA®,  M"“.] 

1903.  — Weiteres  fiber  die  Einvanderung  der  Ankylostomen  von  der  Haut  • aus 

<Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  .Jena,  1.  Abt.,  v.  33  (5),  6. 
Feb.,  Originale,  pp.  330-343.  [MS.  dated  Pec.,  1902.]  [lA^.AA"^.] 

Lussaxa,  Felice. 

1890.  — Contributo  alia  patogenesi  dell’  anemia  da  anchilostomiasi  <[Arch.  ital.  di 

din.  med.,  Milano,  An.  29  (4),  31  die.,  pp.  759-776.  [1A“.] 

Mcehlau,  F.  G. 

1897. — AnchyJostamum  d.uodenale,  with  report  of  cases  -^Buffalo  M.  J.,  v.  36  (8), 
Mar.,  pp.  573-579.  [1A“.] 

Perrox'cito,  Edoardo. 

1882. — I parassiti  delF  uomo  e -degli  animali  utili,  delle  pin  comuni  malattie  da 
essi  prodotte,  profilassi  e cura  relativa.  xii— 506  pp.,  233  figs.,  14  pis. 
8°.  Milano.  [1A=^,  \V“.] 

Piso,  Gulielmus. 

1648. — Pe  medecina  Brasiliensi  libri  quatuor.  {Forms  first  part  of  Ms  Historia  natu- 
ralis  Brasiliie,  in  qua  non  tantum  plantte  et  animalia,  sed  et  indigenarum 
. morbi,  ingenia  et  mores  describuntur  et  iconibus  supra  quingentis  illus- 

trantur).  fob  Lugd.  Bat.  8-122-7-2  ^^p.,  figs*) 
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Pitt,  Joseph. 

1808. — Observations  on  the  country  and  diseases  near  Roanoke  River,  in  the  State 
of  North  Carolina  <Med.  Reposit.,  N.  Y.,  2.  hexade,  v.  5 (4),  Feb.-Apr., 
pp.  337-342.  [W"^] 

Plasexcia,  Leoxel. 

1902. — Estudio  comparativo  sobre  el  Uncinaria  duodenalis  y americana  <Rev.  de 
med.  trop.,  Habana,  v.  3 (11),  nov.,  pp.  175-189,  tigs.  1-7,  pis.  1-4. 
[W%  W”.] 

Pollard,  Thomas. 

1852. — More  than  150  gravel  taken  from  the  bowels  of  a dirt-eating  child  <Stetho- 
scope  & Virg.  M.  Gaz.,  Richmond,  v.  2 (4),  Apr.,  p.  185.  [W"\] 

Saxdwith,  F.  M. 

1894. — Observations  on  four  hundred  cases  of  anchylostomiasis.  Written  for  the 
Eleventh  International  Medical  Congress,  held  in  Rome,  1894.  27  pp. 

8°.  London.  [W'“.] 

1902. — Proof  that  Ankylostoma  larvae  can  enter  the  skin  <J.  Trop.  M.,  Lond., 
V.  5 (24),  Dec.  15,  pp.  380-381.  [W"\] 

Schaefer,  M.  Charlotte. 

1901.  — Anchylostoma  duodenale  in  Texas  <Med.  News,  N.  Y.,  v.  79  (17),  Oct.  26, 

pp.  655-658.  [W%W"'.] 

SCHEUTHAUER,  GuSTAV. 

1881. — Beitriige  zur  Erklilrung  des  Papyrus  Ebers,  des  hermetischen  Buches  liber 
die  Arzneimittel  der  alten  Aegypter  <Arch.  f.  path.  Anat.  [etc.].  Berk, 
V.  85  (2j,  8.  F.,  V.  5 (2),  8.  Aug.,  pp.  343-354.  [W"\] 

SCHXEIDER,  AxTOX. 

1866. — Monographic  der  Nematoden.  vii+357  pp.,  130  figs.,  28  pis.  4°.  Berlin. 
[Wk] 

Smith,  Claude  A. 

1902.  — Report  of  a case  of  ankylostomiasis.  [Secretary’s  abstract  of  paper  pre- 

sented before  Section  on  Physiology  and  Pathology,  Am.  Med.  Ass., 
June  10-13]  <^Am.  Med.,  Phila.,  v.  3 (25),  June  21,  p.  1062.  [W'‘,  W™.] 
Sterxberg,  Geo.  M. 

1900.  — Report  of  the  Surgeon-General  of  the  Army  to  the  Secretary  of  War. 

411  pp.  8°.  Washington.  [pp.  274-277,  Ankylostomiasis;  contains 
Ashford,  1901.]  [W»‘.] 

Stiles,  Ch.'  Wardell. 

1901.  — Uncinariosis  (anchylostomiasis)  in  man  and  animals  in  the  United  States 

<Texas  M.  News,  Austin,  v.  10  (9),  July,  pp.  523-532.  [W%  W“.] 

1902a. — A new  species  of  hookworm  ( Uncinaria  americana)  parasitic  in  man  <Am. 

Med.,  Phila.,  v.  3 (19),  May  10,  pp.  777-778.  [W%  W"‘.] 

19021). — The  significance  of  the  recent  American  cases  of  hookworm  disease 
(uncinariasis,  or  anchylostomiasis)  in  man  <18th  Ann.  Rep.  Bureau 
Animal  Indust.,  U.  S.  Dept.  Agric.,  Wash.  (1901)  [issued  Sept.  25], 
pp.  183-219,  figs.  113-196.  [Wk] 

1902c. — Hookworm  disease  in  the  South.  Frequency  of  infection  by  the  parasite 
{Uncinaria  americana)  in  rural  districts.  [Preliminary  report  to  the 
Surg.  Gen’l.  U.  S.  Pub.  Health  and  Marine-Hosp.  Serv.]  <Pub. 
Health  Rep.,  Wash.,  v.  17(43),  Oct.  24,  pp.  2433-2434.  [MS.  dated 
Oct.  22.]  [W%  W“*.] 

1902d. — The  disinfection  of  kennels,  pens,  and  yards  by  fire  <Bull.  35,  Bureau 
Animal  Indust.,  U.  S.  Dept.  Agric.,  Wash.,  pp.  15-17,  pis.  1-2. 
[W%  W“] 

1903a. — Hookworm  disease  (uncinariasis) — a newly  recognized  factor  in  American 
anemias.  [Abstract  of  address  delivered  before  Brooklyn  Med.  Soc., 
Jan.  17]  <Brooklyn,  M.  J.  (192),  v.  17  (2),  Feb.,  pp.  51-56.  [W“.] 
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Stiles,  Ch.  'Waedell — Continued. 

1903b. — Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  dis- 
ease (uncinariasis  or.  anchylostomiasis)  in  the  United  States  <Bull.  10, 
Hyg.  Lab.,  U.  S.  Pub.  Health  & Har-Hosp.  Serv.,  Wash.,  pp.  , 1 
fig.  [W“,  W"^.] 

Stiles,  Ch.  Wardell;  (fe  Hassall,  Albert. 

1902.  — Index  catalogue  of  medical  and  veterinary  zoology.  Pt.  1 [Authors  A to 

Azevedo.]  <<Bull.  39,  Bureau  Animal.  Indust.,  U.  S.  Dept.  Agric., 
Wash.,  Way  31,  pp.  1-46.  [W“,  W“  ] 

1903.  — Idem  [continued].  Pt.  2 [Authors  B to  Buxton]  <Ibidem,  Feb.  16,  pp. 

47-1 9S.  [W^,  W“.] 

Stiles,  Ch.  Wardell;  & Pfexder,  Charles  A. 

1902a. — The  failure  of  thymol  to  expel  whipworms  { Trichv.ris  depres-sluscula)  from 
dogs  <J.  Comp.  W.  A Vet.  Arch..  Phila..  v,  23  (12),  Dec.,  pp.  733-740. 
[WA] 

Stroxg,  Richard  P. 

1901a. — Cases  of  infection  with  Strongyloides  intestinalh  (first  reported  occurrence 
in  Aorth  America)  < Johns  Hopkins  Hosp.  Rep.,  Balt.,  v.  10  (1-2), 
pp.  91-132,  pis.  2-3,  figs.  1-7.  [W%  W“  ] 

1901b. — Board  for  the  investigation  of  tropical  diseases  in  the  Philippines.  Cir- 
cular Ao.  1.  Animal  parasites  <Rep.  Surg.-Gen.  Army,  Wash., 
pp.  203-219.  [W%  W“] 

Tebault,  C.  H.  I Jr.  i. 
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AX  EXPERI MENTAL  IXA'ESTIGATIOX  OE 
TRYPAXOSO^LX  LEMTSL 


By  Edward  Fraa'CIS. 

Assistant  Surgeon,  CA  S.  Public  Health  and  Marine-Hospital  Service. 


The  great  importance  of  a thorough  familiarity'  with  try-panosomes 
is  seen  when  we  consider  that  within  the  past  year  and  a half  the 
recognition  of  trypanosomes  was  forced  upon  onr  governmental  medi- 
cal officers  in  the  Philippines,  where  the  army  horses  and  mules  were 
dying  in  great  numbers,  due  to  the  presence  in  their  blood  of  a para- 
site which  the  untrained  eye  might  readily  regard  as  a spirillum  or  a 
filaiia,  but  which  proved  to  be  the  trypanosome  of  Surra  (1).  It  is 
probably'  best  in  the  beginning  to  say  something  of  trypanosomes  in 
general.  They  are  animal  parasites  (Hematozoa)  of  large  size  which 
are  often  found  in  enormous  numbers  free  in  the  blood  j^lasma,  but 
do  not  invade  the  interior  of  the  blood  corpuscles.  They  manifest  a 
strikingly  vigorous  eel- like  motility  as  they  dart  among  the  coriDuscles, 
pushing  them  aside. 

The  Trypanosoma  Evansi  is  the  cause  of  surra,  a fatal  disease  of 
horses  and  mules  in  India  and  the  Philii^pines. 

The  Trypanosoma  Brucii  causes  the  tsetse  fly'  disease,  or  Xagana, 
which  attacks  the  horses  and  cattle  in  central  Africa. 

The  Trypanosoma  equinum  is  the  cause  of  mal  de  caderas,  a disease 
of  horses,  etc.,  in  South  America. 

Dourine,  or  maladie  du  Colt,  a disease  of  horses  and  dogs,  particu- 
larly' in  Algeria  and  Spain,  has  been  attributed  to  the  Trypanosoma 
equiperdum. 

The  Trypanosoma  Lewisi  is  the  cause  of  a nonfatal  affection  of 
wild  rats,  which  harbor  spontaneously  the  parasites  in  enormous 
numbers  in  their  blood  j)lasma. 

And  now  Avithin  the  past  year  we  have  a trypanosome  of  man. 

AVhether  the  six  trypanosomes  mentioned  above  represent  really' 
distinct  species  or  whether  two  or  more  of  them  will  be  found  to  be 
identical  must  remain  for  further  scientiflc  investigation.  Morj)hol- 
logically  all  six  have  many  structures  in  common,  but  they  also  show 
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certain  differences.  Still,  an  accurate  differential  diagnosis  on  the 
basis  of  structnre  alone  is  not  altogether  practicable. 

As  a harmless  inhabitant  of  the  blood  still  other  trypanosomes  are 
harbored  by  the  hamster,  certain  fish,  frogs,  and  birds. 

OCCURRENCE  AND  MORPHOLOGY  OF  TRYPANOSOMA  LEWISI. 

Our  studies  were  made  entirely  with  the  rat  trypanosome  {Trypan- 
osoma Lewisi).  The  natural  host  is  the  wild  gray  rat  and  the  sewer 
rat.  These  rats  harbor  the  trypanosomes  in  their  blood  and  they 
infect  each  other  spontaneously. 

Crookshank  (2)  investigated  a number  of  rats  in  London  and  found 
that  25  per  cent  of  the  apparently  healthy  rats  harbored  trypanosomes. 

Rabinowitsch  and  Kempner  (3)  examined  the  blood  of  fifty  wild 
rats  caught  about  the  city  of  Berlin  and  found  that  eighteen  of  them 
were  infected  with  trypanosomes. 

Laveran  and  Mesnil  (4)  found  two  cases  of  infection  among  forty- 
three  sewer  rats  examined  in  Paris. 

W e examined  sixty  of  our  home  rats  caught  in  different  parts  of 
'Washington  and  found  no  cases  of  infection. 

Xatural  infection  of  the  white  or  spotted  rats  has  never  yet  been 
found,  although  they  are  very  susceptible  to  the  infection  by  inocula- 
tion. We  inoculated  the  trypanosome  into  white  rats  and  examined 
the  blood  in  fresh  and  stained  preparations. 

The  parasite  may  be  considered  in  three  parts:  The  body,  the 
undulating  membrane,  and  the  fiagellum.  The  body  is  the  elongated 
portion  which  has  attached  to  its  side  the  undulating  membrane  and 
to  one  of  its  ends  the  flagellum.  The  body  of  the  adult  parasite 
measures  13  to  25  micra  in  length,  which  is  about  two  to  three  times 
the  diameter  of  a red  blood  corpuscle.  Its  breadth  is  2 to  4 micra. 
The  body  runs  to  a beak-like  process  at  one  end,  while  at  the  other 
end  there  is  a free  flagellum  7 to  15  micra  in  length.  The  flagellate 
end  is  considered  the  anterior  or  front  end  because  locomotion  takes 
place  in  the  direction  of  the  flagellum,  while  the  beak  end  is  desig- 
nated the  hind  end,  since  it  follows  the  body  in  locomotion.  In  the 
hinder  fourth  of  the  body,  about  4 micra  from  the  end,  there  is  a 
short  rod-shaped  structure,  the  long  axis  of  which  is  at  a right  angle 
to  the  long  axis  of  the  body;  this  spot  is  called  the  centrosome.  It 
can  with  difficulty  be  seen  in  a fresh  preparation.  In  the  anterior 
fourth  of  the  body  of  the  parasite  there  is  a larger  strongly  retractile 
spot,  which  is  regarded  as  the  nucleus. 

The  undulating  membrane  is  a clear,  fine,  transparent  membrane 
which  presents  an  attached  border,  a free  border,  and  a web.  ^ It  takes 
its  rise  from  the  centrosome,  and  is  fixed  by  its  attached  border  along 
the  length  of  the  body  of  the  parasite  and  terminates  at  the  front  end, 
while  the  outer  free  margin  of  the  membrane  is  thickened  into  a rod- 
like border  which  is  continued  past  the  front  end  into  the  long  free- 
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flagellum.  Thus  the  thick  border  of  the  undulating  membrane  is  con- 
tinuous behind  with  the  centrosome  and  in  front  with  the  flagellum. 
The  web  of  the  membrane  is  difficult  to  stain  and  is  seen  only  faintly 
in  stained  preparations.  In  a fresh  preparation  the  bod}’,  the  undu- 
lating membrane,  and  the  flagellum  appear  to  consist  of  a homogeneous, 
strongly  retractile  protoplasmic  substance  possessing  marked  con- 
tractility. 

A disputed  point  is  the  biological  relation  of  centrosome  to  nucleus. 
Rabinowitsch  and  Kempner,  after  a study  of  numerous  stained  and 
unstained  preparations,  especially  of  the  developmental  forms  of  the 
trypanosomes,  and  after  an  investigation  of  the  views  held  in  regard 
to  the  nucleus  of  the  flagellata,  came  to  the  conclusion  that  the  cen- 
trosome and  nucleus  are  an  interdependent  whole  which  corresponds 
to  the  nucleus  of  the  other  flagellata.  They  maintain  that  in  the 
early  stage  of  development  of  the  parasite  the  centrosome  and  nucleus 
represent  a whole  which,  as  the  parasite  becomes  older,  breaks  into 
two  parts  which  pass  to  either  end  of  the  adult  parasite.  Thej'  con- 
sider the  trypanosome’s  nucleus  as  made  uj)  of  two  parts  more  or  less 
separated;  the  small  oval  spot  situated  in  the  hind  end  of  the  try- 
panosome they  designate  the  nucleolus,  while  the  larger  structure 
found  in  the  front  end  they  call  the  chromatin  heap. 

Wasielewski  and  Senn  (5)  think  that  the  centrosome  is  in  no  way 
whatever  connected  with  the  nucleus.  They  consider  the  trypanosome 
as  made  up  of  two  parts,  the  “jDlasma”  and  the  “periplast.”  The 
plasma  is  the  body  of  the  parasite  containing  the  nucleus.  The  x^eri- 
plast  is  the  outer  covering  of  the  trypanosome  and  embraces  the  cen- 
trosome, undulating  membrane,  flagellum,  and  an  outer  coat  invest- 
ing the  body  of  the  parasite.  According  to  this  view  the  centrosome 
is  intimately  connected  with  the  undulating  membrane.  It  is  the 
root  from  which  the  thickened  free  border  of  the  undulating  mem- 
brane springs  and  has  nothing  to  do  with  a nucleolus,  as  Rabinowitsch 
and  Kempner  point  out,  nor  with  a micro-nucleus,  as  held  by  Plimmer 
and  Bradford.  In  their  illustrations  the  outer  coat  of  the  iDarasite 
takes  a different  stain  from  the  body  plasma. 

Laveran  and  Mesnil  mention  that  blood  kept  some  time  shows  try- 
panosomes reduced  to  centrosome  and  flagellum,  and  that  the  con- 
tinuity of  the  centrosome  and  flagellum  can  be  seen.  We  have  seen 
the  same  thing  in  stained  preparations  of  fresh  blood. 

CYCLE  OF  DEVELOPMENT. 

We  kept  fresh  blood  in  hanging  drop  at  room  temperature  and  at 
37°  C.  and  watched  it  for  hours  without  seeing  any  of  the  parasites 
advance  in  development  beyond  the  stage  which  they  ]3resented  when 
the  blood  was  first  drawn.  The  different  stages  of  development  can 
be  seen  only  with  the  help  of  animal  experiments.  It  is  very  doubt- 
ful if  multiplication  of  the  organisms  occurs  outside  the  body. 
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Rabinowitscli  and  Kempner  were  the  first  to  employ  white  rats  inoc- 
ulated intraperitoneally  for  the  study  of  development,  and  they  were 
able  to  trace  the  entire  cycle  of  development  by  the  examination  at 
short  intervals  of  the  blood  of  a white  rat  so  infected.  By  a similar 
examination  of  a great  many  rats  we  were  able  to  get  all  the  forms  of 
development. 

Multiplication  hy  transverse  division. — The  first  thing  to  be  observed 
is  a change  in  the  outlines  of  the  trypanosome.  Its  sharp  beak  becomes 
blunt;  the  flagellate  end  is  no  longer  sharp,  but  rounded;  the  slender 
body  becomes  thickened  and  swollen ; both  the  longitudinal  and  the 
transverse  diameters  of  the  parasite  are  increased.  There  is  a multi- 
plication of  nuclei  and  centrosomes  to  a number  which  seldom  exceeds 
five  each,  and  they  are  arranged  in  a line  parallel  to  the  long  axis  of 
the  parent  trypanosome.  After  the  division  of  nuclei  and  centrosomes, 
the  next  step  is  the  formation  of  the  new  flagella,  each  of  which  takes 
its  origin  in  a centrosome  and  generally  emerges  from  the  parent  try- 
panosome on  the  side  which  bears  the  undulating  membrane  (PI.  Ill, 
fig.  9).  These  new  flagella  gradually  attain  full  length.  The  old  fla- 
gellum becomes  destro3^ed  and  disappears.  The  cleavage  of  the  pro- 
toplasm of  the  parent  occurs  along  lines  at  right  angles  to  the  long 
axis,  so  that  each  new  segment  of  protoplasm  is  equipped  with  a 
nucleus,  a centrosome,  and  a flagellum. 

The  daughter  cells  are  soon  free  in  the  blood  and  are  readily  dis- 
tinguished from  the  adults  b}^  their  small  size  and  oval  outliue.  The}% 
however,  gradually  lengthen  out  into  the  familiar  picture  of  the  adult. 

MidUplication  hy  longitudinal  division. — This  form  of  multiplication 
has  much  in  common  with  the  transverse  division.  There  is  the  same 
change  in  outline  of  the  jDarent  and  the  same  multiplication  of  cen- 
trosomes and  nuclei  to  a number  of  from  two  to  six.  The  arrange- 
ment of  the  latter,  instead  of  being  in  a line  parallel  to  the  long  axis 
of  the  parent,  is  in  a transverse  line.  The  new  flagella  next  appear. 
They  arise  at  the  front  end  of  the  parent  and  are  arranged  closely 
about  the  old  flagellum  and  correspond  in  number  to  the  centrosomes. 
(PI.  I,  fig.  3.)  Rabinowitsch  and  Keni]3ner,  in  speaking  of  the  origin 
of  the  new  flagella,  mention  that  in  the  flagellata  the  formation  of  the 
new  flagella  takes  place  so  rapidly  that  the  investigators  can  not  fol- 
low the  process  accurately  in  all  its  details.  They  do  not  hold  to  the 
view  that  flagella  multiply  by  a cleavage  in  the  long  axis  of  the  old 
flagellum.  It  is  their  opinion  that  the  new  flagella  arise  from  the 
body  plasma  and  their  principal  support  for  such  an  origin  is  that  in 
transverse  division  the  new  formation  of  flagella  does  not  occur  at 
the  end  close  about  the  old  flagellum,  but  on  the  side  at  a consider- 
able distance  away  from  the  old  flagellum. 

MidUplication  hy  segmentation. — These  three  forms  of  division  are 
separated  only  for  description.  They  may  all  be  seen  side  by  side  in 
the  same  preparation  and  in  some  instances  the  distinction  between 
them  is  not  altogether  clear,  especiallj^  between  the  longitudinal  and 


9 


transverse  modes.  Division  bj'  segmentation  begins  with  a curving 
of  the  i^arasite  which  continues  until  the  two  ends  approach  each 
other  and  finally  meet,  thus  giving  the  parasite  a globular  form.  The 
fiagellum  becomes  lost  and  the  undulating  membrane  disappears. 
The  nuclear  multiplication  now  occurs  and  proceeds  in  the  same  man- 
ner as  in  the  longitudinal  and  transverse  division.  The  nucleus 
becomes  swollen,  appears  coarsely  granular,  and  divides  into  two 
parts,  each  of  which  probably  divides  and  subdivides. 

In  stained  preparations  Rabinowitsch  and  Kempner  saw  small 
bodies  in  the  new  nuclei.  These  bodies,  which  were  about  the  size  of 
centrosomes,  took  the  stain  deeply  and  were  placed  at  the  periphery 
of  the  nucleus.  Whether  centrosomes  can  arise  from  nuclei  or  onlv 

t/ 

from  other  centrosomes  is  a point  of  controversy  and  is  mentioned 
under  morphology. 

Whatever  may  be  the  source  of  the  centrosomes  their  number 
always  keeps  pace  with  the  number  of  nuclei.  Xo  matter  how  many 
are  formed  there  is  a formation  of  a corresponding  number  of  centro- 
somes until  in  the  end  there  are  as  many  centrosomes  as  nuclei  in  the 
trypanosome. 

As  regards  the  manner  of  the  arrangement  of  nuclei  and  centro- 
somes in  the  globular  parent,  we  find  them  in  two  concentric  circles. 
The  outer  circle  contains  the  nuclei  and  the  inner  circle  the  centro- 
somes. In  the  cleavage  of  the  protoplasm  there  are  as  many  segments 
as  number  of  nuclei.  While  in  transverse  and  longitudinal  di\usion 
there  are  not  more  than  6 daughter  cells,  we  find  in  this  form  as  many 
as  16.  Plate  III,  figure  12,  shows  14  segments. 

Cleavage  proceeds  from  the  j)eriphery  to  the  center  of  the  mass,  so 
that  a rosette  arises  as  in  the  segmentation  of  malaria.  Each  segment 
of  protoplasm  contains  a centrosome  and  a nucleus,  and  a fiagellum 
develops  from  each.  In  hanging  dro]3  these  rosettes  are  seen  to  be  in 
agitation  as  soon  as  they  acquire  their  flagella.  Finally  the  segmen- 
tation is  complete  and  the  daughter  trypanosomes  are  seen  as  small 
oval  3'oung  forms  free  in  the  blood.  Rabinowitsch  and  Kempner,  in 
speaking  of  segmentation,  refer  to  the  hanging  together  of  the  young 
by  their  sharpened  ends  and  their  gradual  separation  from  each  other; 
but  the}’  maintain  that  the  young  parasites  may  develop  into  adults 
before  the  radial  arrangement  is  broken  up,  as  is  shown  in  their  figure 
27  (Rabinowitsch  and  Kempner,  1899,  pi.  3,  fig.  27.)  We  have  not 
seen  them  develop  into  adults  while  so  arranged.  The  rosettes  seem 
to  become  dissolved  while  their  members  are  still  young.  W e should 
think  that  figure  27  represented  an  autoagglutination  of  adults  rather 
than  an  advanced  stage  of  a rosette,  for  the  reason  that  the  members 
are  evidently  adults  instead  of  young  forms. 

THE  DURATION  OF  THE  INFECTION. 

Rabinowitsch  and  Kempner  found  that  artificially  infected  white 
rats  harbor  these  parasites  in  general  from  four  to  six  weeks.  They 
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saw  them  disappear  from  the  blood  in  some  cases  in  from  one  to  two  ? 
weeks,  sometimes  earlier.  Two  rats  retained  their  parasites  three  to  j 

four  months.  j 

Wasielewski  and  Senn  found  trypanosomes  five  and  one-half  months  j 
after  injection  in  several  instances  and  no  animal  lost  his  parasites  ' 
before  six  weeks. 

Jnrgens  (6)  found  that  his  animals  kept  their  blood  parasites  as  a 
rule  one  to  two  months,  seldom  later.  In  two  cases  numerous  para- 
sites were  found  after  seven  months.  Only  once  did  he  find  the 
infection  to  last  shorter  than  one  month.  j 

We  found  the  duration  of  the  infection  to  be  seven  to  fourteen  days,  j 
The  long  periods  of  infection  of  three  to  six  months,  or  even  of  six  ! 
weeks,  we  have  not  seen.  The  trypanosomes  never  returned  spon-  ; 
taneously  to  the  rats  after  they  had  once  become  free  of  them.  We  | 
were  unable  to  find  any  wild  rats  infected  spontaneously,  but  the  ] 
duration  of  such  an  infection  is,  according  to  Rabinowitsch  and  I 
Kempner,  much  longer  than  an  artificial  infection  of  white  rats.  i 
They  state  that  in  an  infection  of  the  wild  rats  the  parasite,  so  far  as  | 
they  have  observed,  did  not  disappear  from  the  blood.  j 

MOTION  OF  THE  TRYPANOSOME.  j 

If  a thin  film  of  fresh  blood  is  watched  beneath  a cover  slip  on  a 
slide  the  parasites  are  seen  to  be  in  striking  activity,  darting  among 
the  corjDuscles  and  pushing  them  aside,  but  never  entering  the  cor- 
puscles or  engulfing  them.  The  motion  is  too  violent  to  be  closely 
followed  by  the  eye,  so  in  order  to  gain  an  accurate  perception  of  the  ' 
mechanism  of  the  motion  the  film  must  be  very  thin,  so  that  the  ' 
trypanosome  will  be  subjected  to  the  pressure  between  the  cover  and 
slide,  and  consequentl3^  his  motion  becomes  very  slow.  | 

We  see  that  the  parasite  generall}^  moves  with  the  fiagellum  (anterior  1 
end)  in  front,  but  if  he  meets  an  obstruction  he  withdraws  for  onl^^  a 
short  distance  in  the  direction  of  his  blunt  (posterior)  end,  and  then  ■ 
resumes  in  his  original  direction.  The  movement  takes  place  by  ■ 
means  of  the  undulating  membrane  and  the  flagellum.  When  in  I 
motion  the  body  of  the  parasite  rotates  on  its  longitudinal  axis,  thus  j 
moving  in  a screw-like  manner.  This  causes  the  undulating  mem-  ! 
brane  to  appear  as  if  it  were  spirally  arranged  around  the  organism,  i 
The  waves,  starting  in  the  flagellum  and  traveling  along  the  undulat-  , 
ing  membrane,  are  plainl}^  seen.  Motion  will  persist  in  a cover  glass  i 
preparation  for  several  hours.  ,, 

SYMPTOMS  IN  RATS. 

Rabinowitsch  and  Kempner  mention  loss  of  appetite,  slight  loss  of  » 
weight  and  debility,  but  sa}^  that  none  died  from  the  infection.  They  i 
regard  the  disease  in  white  rats  as  mild  compared  with  the  same  in  ‘ 
wild  rats.  . \ 

Jurgens  reports  severe  sickness  and  death.  : 
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Many  of  our  rats  died.  Plain  evidences  of  sickness  coupled  with 
heavy  blood  infection  were  almost  sure  to  give  a fatal  result.  We 
made  no  pathological  study  of  the  internal  organs. 

STAINING. 

In  the  beginning  we  attempted  to  stain  the  parasites  with  the  ordi- 
nary aniline  dyes.  We  used  eosin,  methylene  blue,  hemalum,  carbo- 
fuchsin,  and  carbo-thionin,  but  all  were  very  disappointing.  We 
then  turned  to  the  Romanowsky  double  stain  of  methylene  blue  and 
and  eosin,  Goldhorn’s  polychrome  methylene  blue  and  Jenner’s  stain, 
all  of  which  give  most  beautiful  elfects  indeed;  perhaps  the  best  is 
Romanowsky’s  stain.  Some  modification  of  this  stain  is  the  one  which 
many  of  the  investigators  have  emploj^ed  within  the  last  few  years  for 
trypanosomes.  In  the  hands  of  the  various  experimenters  this  stain 
seems  to  give  somewhat  different  effects.  The  two  points  on  which 
they  all  agree  are  that  the  nucleus  takes  a beautiful  rose  red  and  that 
the  protoplasm  takes  a blue  color.  Rabinowitsch  and  Kempner  state, 
and  it  is  clearly  shown  in  their  figures,  that  in  the  hind  part  of  the 
adult  parasite  there  is  an  oval  or  round  spot  of  a homogeneous  struc- 
ture which  takes  the  stain  uniformly  and  intensely  red.  In  the  front 
end  of  the  trypanosome  is  a larger  body  with  a net-like  structure 
which  stains  rose  red.  In  their  hands  the  x^i’otoplasm  of  the  body  and 
the  free  outer  border  of  the  undulating  membrane  and  the  fiagellum 
stained  quite  uniformly  blue.  The  web  of  the  membrane  remained 
unstained. 

Wasielewski  and  Senn  state  that  the  protoplasm  is  almost  homo- 
geneous, stains  a light  blue,  and  has  a fine  granular  structure.  In  it 
are  one  to  three  clear,  oval  areas,  generally  in  front  of  the  centrosome, 
which  can  be  considered  as  vacuoles.  With  the  Romanowsky  stain 
they  succeeded  in  giving  a red  tint,  not  only  to  the  centrosome  and 
nucleus,  but  to  the  free  border  of  the  undulating  membrane,  to  the 
web  of  the  undulating  membrane,  to  the  fiagellum,  and  to  the  entire 
border  of  the  body  of  the  parasite.  They  state,  however,  that  the 
tint  of  the  centrosome,  flagellum,  undulating  membrane,  and  “peri- 
plast ” was  a bluish  red. 

Laveran  and  Mesnil  picture  the  centrosome  and  body  of  the  para- 
site as  blue,  and  the  nucleus,  flagellum,  and  undulating  membrane  as 
red.  With  Romanowsky’s  stain  we  gave  a blue  color  to  the  body  of  the 
trypanosome.  The  nucleus  took  a rose  red,  and  the  centrosome  was 
deep  red.  The  flagellum  and  border  of  the  undulating  membrane 
were  red,  and  the  web  of  the  undulating  membrane  was  faintly  red. 

WrighVs  modification  of  Romanoiosky^s  stain. — Wright  (7),  in 
speaking  of  Romanowsky’s  stain,  which  came  out  in  1891  as  a differ- 
ential stain  for  the  chromatin  and  cytoplasm  of  the  malarial  parasite, 
refers  to  the  difficulties  and  uncertainties  attending  the  preparation 
of  the  stain  until  it  became  finally  modified  by  Leishman  (8),  whose 
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method  IVright  has  further  simplified.  lYright,  in  his  directions  for  'a 
preparing  the  stain,  says  to  add  1 per  cent  methylene  blue  to  a one-  I 
half  per  cent  solution  of  sodium  bicarbonate  and  steam  the  mixture  i 
in  an  Arnold  steam  sterilizer  for  one  hour,  which  renders  the  methy- 
lene blue  polychromatic.  When  cold  he  adds  eosin  until  the  color 
changes  from  blue  to  purple  and  a metallic  scum  forms  on  the  sur- 
face and  a black  precipitate  appears  in  suspension.  The  precipitate  I 
is  collected  on  a filter,  dried,  and  dissolved  in  methyl  alcohol.  i| 
W right  gives  the  following  summary  for  using  the  stain : 

1.  Make  films  of  blood,  spread  thinly,  and  allow  them  to  dry  in  the  air. 

2.  Cover  the  preparation  with  the  alcoholic  solution  of  the  dye  for  one  minute. 

3.  Add  to  the  alcoholic  solution  of  the  dye  on  the  preparation  sufficient  water, 
drop  by  drop,  until  the  mixture  becomes  semitranslucent  and  a yellowish  metallic  | 
scum  forms  on  the  surface.  Allow  this  mixture  to  remain  on  the  preparation  for 
two  or  three  minutes. 

4.  Wash  in  water,  preferably  in  distilled  water,  until  the  film  has  a yellowish 
or  pinkish  tint  in  its  thinner  or  better  spread  portions. 

5.  Dry  between  filter  paper  and  mount  in  balsam. 

Goldhorn'’s  stain  {9). — Dry  the  film  and  fix  in  pure  methyl  alcohol  » 
fifteen  seconds,  wash  in  running  water,  stain  in  0. 1 per  cent  aqueous 
solution  of  eosin  for  thirty  seconds,  wash  in  running  water,  stain  one 
minute  in  Goldhorn’s  polychrome  methjdene  blue,  wash  in  water,  dry 
in  air,  mount  in  balsam. 

The  polychrome  methylene  blue  is  made  as  follows : 

1.  Dissolve  2 grams  of  methylene  blue  and  4 grams  of  lithium  car- 
bonate in  300  c.  c.  of  warm  water. 

2.  Heat  in  porcelain  dish  in  a boiling  water  bath  fifteen  minutes. 

3.  Pour  into  a glass-stoppered  bottle  and  set  aside  for  several  days. 

4.  Render  only  slightly  alkaline  by  adding  4 to  5 percent  acetic  acid 
solution. 

With  this  stain  we  have  obtained  beautiful  preparations  showing 
the  chromatin  of  the  ring  form  of  mstivo-autumnal  malaria  and  the 
chromatin  of  the  tertian  parasite.  W e have  also  well-stained  prepa- 
rations of  blood  platelets.  It  is  a good  stain  for  the  nuclei  of  animal 
parasites.  It  shows  the  chromatin  of  the  segmenting  bodies  of 
malaria,  the  chromatin  of  the  crescents,  the  eosinphilic  and  neutro- 
philic granules  and  nuclei  of  leucocytes.  Mast  cells  and  myelocytes 
are  well  stained. 

Jenner^s  stain. — This  stain  is  not  so  good  for  trypanosomes  as  the 
other  two.  Equal  parts  of  1 per  cent  aqueous  solutions  of  eosin  and 
methylene  blue  are  mixed  and  set  aside  for  twenty-four  hours.  Tlie 
mixture  is  filtered,  the  precipitate  is  washed  with  water  and  dried 
and  then  dissolved  in  methyl  alcohol.  In  using  this  stain  no  previous 
fixing  is  necessary.  After  staining  one  to  three  minutes  the  speci- 
men is  thoroughly  washed  until  the  corpuscles  appear  pink.  Dry  in 
the  air  and  mount  in  balsam. 

The  stain  can  be  bought  ready  for  use  from  dealers,  or  a powder  ' 
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can  be  gotten  from  Griibler,  which  is  to  be  dissolved  in  meth}d 
alcohol. 

W e have  gone  at  some  length  into  these  stains,  for  without  some 
one  of  them  the  investigator  wdll  attain  little  in  the  way  of  getting 
instructive  preparations  of  trypanosomes  and  because  their  more  gen- 
eral use  may  bring  out  some  points  still  unmentioned  in  the  structure 
of  animal  parasites  generally.  Since  a thorough  understanding  of 
the  stains  is  necessary  to  fine  work,  the  reader  is  referred  to  the  orig- 
inal articles  mentioned  in  the  bibliography. 

ACTIVE  IMMUNITY. 

With  very  few  exceptions  a single  infection  with  trypanosomes  ren- 
ders the  rats  free  from  parasites  thereafter.  Rabinowitsch  and 
Kempner  had  no  second  infections  following  the  injection  of  heavily 
infected  trypanosome  blood  into  the  peritoneal  cavity  of  rats,  which, 
after  artificial  inoculation,  had  become  spontaneously  free  of  para- 
sites. Laveran  and  Mesnil,  in  their  series  of  thirty,  found  two  suscep- 
tible to  a second  infection.  One  of  our  rats  infected  by  feeding  and 
another  infected  by  intrastomachal  injection  proved  susceptible  to  a 
second  infection  by  intraperitoneal  inoculation  in  tw^o  and  five  months, 
respectively,  after  they  had  become  free  of  j)arasites.  Their  second 
infections  lasted  only  three  days. 

PASSIVE  IMMUNITY. 

From  our  knowledge  of  the  antitoxins  of  the  bacterial  diseases,  we 
are  led  naturally  to  the  investigation  of  the  protective  property  of  the 
serum  of  immunized  rats,  and  it  is  found  that  there  is  produced  a 
specific  immune  serum.  The  serum  of  rats  wdiich  have  been  immu- 
nized by  one  or  more  inoculations  of  trypanosome  blood  does  give  pro- 
tection to  other  rats  within  certain  limits.  Laveran  and  Mesnil  found 
that  their  most  active  serum  came  from  a rat  which  had  been  given  13 
inoculations. 

If  we  add  in  vitro  1 c.  c.  of  immune  serum  to  1 c.  c.  of  trypanosome 
blood  and  inject  the  mixture  into  a fresh  rat,  no  infection  will  follow. 
We  also  separated  the  two  injections  in  time  to  see  whether  immune 
serum  would  ijrevent  infection  if  injected  before  the  trypanosome 
blood;  likewise,  whether  the  immune  serum  would  prevent  infection 
if  it  were  injected  after  the  injection  of  infected  blood.  Our  results 
were  somewhat  variable,  but  in  general  they  corresponded  to  the  limits 
of  time  which  have  been  set  by  Rabinowitsch  and  Kempner  and  con- 
firmed by  Laveran  and  Mesnil,  namely,  that  1 c.  c.  of  immune  serum 
injected  into  a fresh  rat  twenty-four  hours  before  or  twenty-four  hours 
after  the  injection  of  trypanosomes  will  prevent  infection.  They 
found  that  emulsions  of  the  spleen,  bone  marrow,  liver,  or  brain  con- 
ferred no  passive  immunity. 

The  limits  of  the  preventive  and  curative  power  of  the  immune 
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serum,  altlioiigli  quite  narrow,  are,  however,  as  wide  as  we  would 
expect. 

Five  pregnant  rats  were  inoculated,  with  a view  to  finding  whether 
their  young  would  acquire  an  immunity  l3y  p>lacental  transmission. 
Although  the  mothers  bore  a very  heavy  infection,  we  could  never 
demonstrate  any  parasites  in  the  fetuses  nor  did  the  young  show  any 
evidences  of  an  increased  resistance  to  subsequent  infection.  Laveran 
and  Mesnil  mention  one  immune  rat  which  had  two  litters;  the  first 
litter  was  immune,  the  second  susceptible.  In  this  connection  we 
may  mention  that  no  case  of  x^lacental  transmission  of  malaria  has 
been  reported  in  which  the  possibility  of  postnatal  infection  has  been 
excluded. 

SUSCEPTIBILITY  OF  ANIMALS  TO  TRYPANOSOMA  LEWISI. 

The  wild  rat  and  the  sewer  rat  are  the  only  animals  in  which  there 
is  a si3ontaneous  conveyance  to  each  other.  The  white  and  spotted 
rats  are  susceptible  by  inoculation  only.  Young  rats  are  more  sus- 
ceptible than  old  ones.  Rabinowitsch  and  Kempner  report  the  fail- 
ure to  infect  pregnant  rats.  4Y e inoculated  five  pregnant  females, 
and  all  bore  heaw  infections.  Xo  one  has  found  that  the  white 
rats  harbored  trypanosomes  spontaneously  in  their  blood.  Xo  mves- 
tigators  have  succeeded  in  infecting  other  animals  with  rat  trypano- 
somes excei3t  Laveran  and  Mesnil,  who  infected  guinea  pigs.  We 
tried  in  vain  to  infect  guinea  pigs,  rabbits,  white  mice,  cats,  a dog, 
a goat,  and  a horse  by  intraperitoneal  inoculation.  In  one  guinea 
pig  we  found  six  parasites  in  the  blood  twenty-four  hours  after 
inoculation,  but  subsequent  examinations  of  the  blood  showed  an 
absence  of  all  parasites,  so  that  this  can  not  be  considered  a case 
of  infection.  Laveran  and  Mesnil,  after  intraperitoneal  injection  of 
a guinea  pig  with  1 c.  c.  of  blood  rich  in  trypanosomes^  found  multi- 
plication forms  in  the  peritoneum  two  to  five  days  after  injection. 
They  had  numerous  failures  in  bringing  about  a blood  infection,  but 
some  guinea  pigs  showed  parasites  in  the  blood  in  the  proportions  of 
1 : 20  and  1 : 50  of  the  red  blood  corpuscles.  The  infection  was  of  short 
duration. 

When  attempting  to  infect  the  various  animals  other  than  rats  we 
injected  large  amounts  of  heavily  infected  rat  blood.  In  some  cases 
we  injected  a rat’s  entire  blood.  White  rats  and  wild  rats  are  so 
susceptible  that  only  one  to  three  droj)s  of  infected  blood,  mixed 
with  a little  sterile  salt  solution  or  bouillon  and  injected  intraperito- 
neally,  will  cause  a marked  infection. 

AUTO-AGGLUTINATION. 

W e have  brought  forward  the  use  of  this  term  to  signify  the  agglu- 
tination of  a rat’s  own  trypanosomes  while  still  circulating  in  his  own 
blood.  If  daily  examinations  are  made  of  the  blood  of  an  infected  rat. 
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the  parasites  will  be  seen  to  show  agglutination  during  the  period  of  their 
decline  in  numbers  and  disappearance  from  the  blood.  When  auto- 
agglutination  is  well  advanced  we  see  very  few  parasites  occurring 
singly.  They  are  collected  into  masses;  but  these  masses  in  turn 
show  a tendency  to  collect  close  together,  which  must  necessarily  leave 
certain  drops  of  blood  almost  free  from  all  parasites  while  other  drops 
will  show  typical  fields  of  auto-agglutination.  On  this  account  a 
single  hanging  drop  or  a single  stained  preparation  taken  from  a rat 
is  not  sufficient  to  give  a correct  idea  of  the  condition  of  the  parasites 
in  the  blood.  As  many  as  eight  to  ten  slides  may  be  made  in  which 
will  be  found  only  a few  scattered  parasites,  and  the  next  slide  will 
show  pictures  such  as  are  seen  in  Plate  II,  figure  8,  and  Plate  IV, 
figures  13  and  14.  Figure  13  represents  a single  focus  of  agglutina- 
tion, and  in  figure  14  there  are  three  such  foci  near  to  each  other. 

A close  examination  of  these  agglutinations  will  show  that  they 
have  nothing  to  do  with  the  rosettes  of  multiplication.  They  are 
found  in  the  blood  after  the  period  of  multiplication  has  passed,  and 
they  are  made  up  of  adult  parasites  instead  of  young  forms.  We  con- 
sider these  agglutinations  as  an  evidence  of  the  presence  of  agglutinin 
in  the  rat’s  blood  and  as  an  omen  of  an  impending  rapid  disappear- 
ance of  the  parasites  from  the  blood.  We  have  in  the  laboratory  in 
several  instances  seen  the  agglutination  of  the  parasites  in  a rat’s 
blood  for  a few  successive  days  before  a sudden  disappearance  of  all 
parasites  over  night.  We  conclude  from  this  observation  that  agglu- 
tination is  a step  toward  dissolution,  and  that  it  foretells  the  disap- 
pearance of  the  trypanosomes  from  the  blood. 

From  a daily  study  of  the  blood  of  numerous  cases  in  which  agglu- 
tinations of  parasites  were  present  we  were  able  to  prophesy  that 
active  immunity  was  near  at  hand. 

It  is  not  every  case  of  infection  which  shows  auto-agglutination. 
We  would  explain  its  absence  on  the  ground  of  an  insufficient  gener- 
ation of  agglutinin.  As  will  be  referred  to  later,  there  is  a difference 
in  the  agglutinating  power  of  the  immune  sera  of  different  rats.  As 
soon  as  a rat  loses  his  parasites  he  is  considered  an  immune  and  his 
serum  is  admitted  to  have  agglutinating  power  on  fresh  parasites  to 
which  it  may  be  added.  The  agglutinating  power  of  the  immune 
serum  is,  moreover,  attributed  to  the  agglutinin  which  it  contains. 
Now,  we  think  that  the  production  of  this  agglutinin  is  a gradual 
process  which  is  begun  before  a rat  loses  his  parasites,  and  we  think 
that  just  previous  to  the  disappearance  of  all  parasites  from  a rat’s 
blood  there  is  a short  period  during  which  he  may  generate  sufficient 
agglutinin  to  agglutinate  the  parasites  circulating  in  his  own  blood. 
We  would  offer  as  a possible  explanation  of  our  own  cases  that  per- 
haps our  trypanosomes  were  more  virulent  than  those  used  by  other 
observers.  This  view  seems  to  be  supported  by  the  shorter  time 
which  elapsed  between  inoculation  and  heavy  blood  infection,  the 
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more  rapid  disappearance  of  the  parasites  from  the  blood,  and  the  ^ 
greater  ntimber  of  deaths  among  the  white  rats. 

The  agglutinated  parasites  have  a most  orderly  arrangement  in  the  * 
shape  of  a rosette,  with  their  posterior  ends  close  around  a central  j 
point  and  their  flagella  at  the  periphery.  Each  parasite  has  its  own 
flne  undulating  motion.  t 

AGGLUTINATION. 

i.  By  immune  serum. — Immunity  and  agglutinating  power  go  hand 
in  hand.  As  in  late  years  agglutination  has  been  proven  for  so  many 
kinds  of  bacteria  by  their  specific  sera,  so  m'panosomes  are  found  to 
respond  in  a somewhat  similar  way  to  immune  serum.  , 

Laveran  and  Mesnil  probably  made  the  most  complete  study  of  ' 
agglutination.  The  trypanosome  blood  which  they  used  was  sub- 
jected  to  defibrination,  which  of  course  left  the  corpuscles  and  the  | 
trypanosomes  in  the  serum.  TT e have  found  that  the  substitution  of  i 
clotting  for  defibrination  will  show  the  agglutination  to  much  l>etter  ,| 
advantage  in  the  hanging  drop,  since  there  will  l>e  no  corpuscles  in  j| 
the  field  to  obscure  aeelutination.  The  immune  blood  and  the  •! 

'w.  I , 

trypanosome-bearing  blood  may  be  di’awn  up  into  separate  fine  capil-  \ 
laries  and  allowed  to  coagulate.  The  clot  is  then  drawn  out  at  one  I 
end  of  the  tube,  leaving  the  clear  immune  serum  behind  in  the  one  | 
case  and  the  clear  serum  containing  trypanosomes  in  the  other  ease.  ! 
Xow  the  dilutions  can  be  made  just  as  in  the  TTidal  reaction.  We  i 
have,  however,  taken  another  precaution  which  Laveran  and  Mesnil  ■ 
did  not  observe,  W e removed  all  agglutinin  from  the  trypanosome 
serum  before  starting  the  tests.  We  were  led  to  this  bv  the  studv  of 
a uto-a  sfslutination . 

If  we  should  select  for  our  agglutination  tests  blood  in  which  auto-  | 
agglutination  was  alreadv  noticeable,  we  would  immediately  fall  into  i 
the  error  of  getting  agglutination  with  ever  so  great  a dilution  of  the 
immune  serum,  because  the  trypanosomes  were  agglutinated  l>efore 
we  began.  Again,  if  we  selected  blood  in  which  there  was  no  auto- 
agglutination,  but  in  which  there  was  considerable  agglutinin,  but 
still  not  enough  to  produce  an  auto-agglutination,  we  would  still  be 
in  error  if  we  attempted  to  determine  the  agglutinating  power  of  an 
immune  serum  bytesting  it  on  trypanosome-bearing  serum  which  was 
,]ust  on  the  verge  of  auto-agglutination.  We  must  therefore  take 
into  consideration  one  element  which  does  not  enter  an  agglutination 
test  on  bacteria.  The  bacterial  pure  culture  has  a fived.  uniform 
composition,  and  until  we  are  able  to  grow  tiypanosomes  in  pure  cul- 
ture on  artificial  media  we  will  have  to  consider  the  element  of  agglu- 
tinin in  the  serum  which  contains  the  parasites. 

Our  plan  was  to  draw  the  trypanosome  blood  from  the  rat,  allow  it 
to  coagulate,  draw  ofi  the  serum  containing  the  parasites,  and  dilute 
it  with  plain  distOled  water  and  filter  it  thi’ough  a porcelain  filter  . 
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! under  the  influence  of  a vacuum.  After  four  or  five  washings  with 
large  amounts  of  water,  we  let  it  filter  until  there  remained  behind  a 
volume  of  fluid  which  equaled  the  original  amount  of  serum.  In  this 
i residue  were  the  trypanosomes  free  from  agglutinin.  Dilutions  were 
then  made  of  the  immune  serum,  and  it  was  tested  on  the  washed 
parasites.  Some  immune  sera  will  not  agglutinate  in  a dilution 
greater  than  1 : 1.  An  agglutinating  power  of  1 : 5 or  1 : 10  is  common. 
One  of  our  rats  showed  typical  agglutination  in  a dilution  of  1 : 200. 

It  is  interesting  to  Avatch  in  hanging  drop  an  agglutination  by  a 
weak  serum.  At  first  two  or  three  parasites  are  seen,  joined  by  their 
posterior  ends.  Others  come  up  toward  the  center  of  agglutination, 

! recede  for  some  distance,  and  later  join  the  others.  Some  disengage 
I themselves  from  the  rosette  and  then  rejoin  it,  until  finally  a Avell- 
i arranged  rosette  is  formed.  Two  small  rosettes  will  graduall}^ 
j approach  each  other  and  then  unite  to  form  one  mass,  which  in  turn 
|j  is  joined  by  others  of  smaller  or  larger  size. 

A remarkable  fact  is  that  the  agglutinated  jiarasites  do  not  lose 
^1  their  motility.  There  is  not  the  diminution  of  motility  before  agglii- 
I tination  that  is  seen  in  a typhoid  reaction,  and  while  agglutinated 
I each  parasite  retains  a regular  vibration.  In  agglutination  with  a 
I strong  serum  the  process  takes  place  rapidly.  The  j)arasites  rush 
together  in  great  numbers,  and  the  masses  may  be  of  macroscot)ic 
size.  If  a strong  specific  serum  is  used,  the  agglutinated  masses  are 
' very  compact  and  the  individual  parasites  are  tightly  drawn  together, 
^ so  that  there  is  little  motion.  In  a general  way  the  parasites  are  all 

I pointed  toward  a center,  but  still  they  overlap  and  cross  each  other 
very  much.  With  a weak  serum  the  parasites  are  held  together  in  a 
loose  manner,  permitting  of  more  individual  movement  to  each  organ- 
ism and  more  orderl}^  arrangement,  and  there  are  fewer  parasites  to 
% each  rosette. 

•I  We  often  found  agglutination  almost  complete,  in  which  case  A^ery 
I few  parasites  Avere  to  be  seen  free  in  the  field.  It  may  be  only  par- 

Itial.  Th6  parasites  may  remain  agglutinated  until  their  death,  or,  if 
’ the  serum  is  weak,  a disagglutination  may  follow.  Specific  sera 
I exposed  to  55°  C.  for  thirty  minutes  did  not  lose  the  agglutinating 

(power,  but  a temperature  of  65°  C.  maintained  for  half  an  hour 
. destroyed  its  activity. 

Laveran  and  Mesnil  found  that  trypanosomes  killed  by  chloroform 
or  formalin  were  agglutinated  by  the  same  sera  which  agglutinate  the 
jiB  living,  but  the  parasites  have  no  orderly  arrangement  in  the  mass. 

i|  It  is  a remarkable  fact  that  Rabinowitsch  and  Kempner  found  that 
‘ ‘ ‘ the  trypanosome  serum  shows  in  no  Avay  Avhatever  the  property  of 
agglutination.  ” 

2.  By  normal  sera. — The  action  of  normal  sera  in  dilution  of  1:1 
was  tested  on  the  trypanosomes.  The  cat  and  horse  sera  were 
’ strongly  agglutinating.  The  goat  and  rabbit  sera  were  feebly  agglu- 
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tinating.  The  sera  of  the  white  rat,  white  mouse,  and  guinea  pig 
were  negative. 

Laveran  and  Mesnil  state  that  the  normal  sera  of  the  chicken  and 
horse  caused  complete  agglutination.  The  sera  of  the  sheep,  dog, 
and  rabbit  produced  a partial  reaction,  while  the  pigeon,  frog,  guinea 
pig,  white  and  spotted  rats,  and  sewer  rats  caused  none  whatever. 
They  also  state  that,  although  the  blood  of  chicken  and  horse  have 
agglutinating  power,  they  do  not  protect  against  infection. 

3.  In  the  ice  chest. — If  trypanosome  blood  is  drawn  from  the  rat 
under  aseptic  conditions  and  sealed  in  jDipettes  and  placed  in  the  ice 
box,  the  parasites  will  usually  join  into  beautiful  rosettes  after 
twenty-four  hours.  We  found  them  agglutinated  in  blood  which  had 
been  eighty-three  days  in  the  ice  chest. 
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TRANSMISSION  OF  THE  DISEASE. 

1.  By  intraperitoneal  inoculation. — Although  white  and  spotted  rats 
have  never  yet  been  found  to  harbor  trypanosomes  spontaneously  in  i 
their  blood,  we  find  in  them  a very  susceptible  host  for  experimental  'j 
inoculations,  and  it  was  with  them  that  most  of  our  work  was  done. 
Comparative  studies  show  that  a heavy  blood  infection  is  obtained  bj^  > 
intraperitoneal  injection  sooner  than  by  any  other  form  of  inocula- 
tion. The  blood  to  be  injected  is  mixed  with  1 c.  c.  of  saline  solution  : 
or  bouillon  and  injected  with  a hypodermic  syringe.  The  period 
which  elapses  between  the  intraperitoneal  inoculation  and  the  first  '\ 
appearance  of  the  parasites  in  the  blood  is  variable,  depending  upon 
the  amount  of  trypanosomes  injected  and  the  stage  of  develpment  of  i 
the  injected  parasites. 

Rabinowitsch  and  Kempner  place  the  time  at  three  to  seven  days, 
although  they  observed  parasites  in  a few  instances  within  the  fii’st  : 
day. 

Laveran  and  Mesnil  give  three  to  seven  days  as  the  average  time  ' 
before  the  blood  infection.  They  found  a few  in  the  circulation  after  i 
five  or  six  hours. 

Jourgens  found  that  the  first  x>resence  of  parasites  in  the  tail  blood 
occurred  three  or  four  days  after  inoculation,  seldom  later.  After  i 
inoculation  with  1 c.  c.  of  blood  he  found  them  in  tail  blood  in  several 
instances  after  twenty  minutes. 

The  parasites  apiDeared  in  the  tail  blood  in  our  cases  usually  on  the  ' 
second  da3^  This  was  chiefiy  because  we  injected  as  a rule  larger  ' 
doses  and  used  heavilj^  infected  blood  in  which  were  many  develop-  ^ 
mental  forms. 

There  has  been  considerable  discussion  as  to  where  the  principal 
seat  of  multiplication  takes  place  in  intraperitoneal  inoculation. 
Rabinowitsch  and  Kempner  regard  the  peritoneal  fiuid  as  a better  i 
nutritive  medium  for  the  development  of  the  parasites  than  the  blood  ‘ 
and  think  that  the  chief  seat  of  development  and  multiplication  is  in 
the  peritoneum.  In  one  to- five  days  after  intraperitoneal  injection  I 
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of  trypanosome  blood  they  found  in  the  peritoneum  several  engaged 
in  development.  They  think  that  as  soon  as  development  is  perfected 
in  the  peritoneum  the  parasite  disappears  from  the  peritoneal  fluid 
into  the  blood.  They  give  some  weight  to  the  fact  that  in  one  case  of 
intravenous  injection  of  parasites  multiplication  did  not  occur  until 
the  flfth  day.  Laveran  and  Mesnil  state  that  there  is  less  multiplica- 
tion in  the  blood  than  in  the  peritoneum. 

Our  observations  speak  for  the  blood  as  the  principal  seat  of  devel- 
opment. On  examination  of  the  peritoneal  fluid  at  varying  times 
after  injection  we  did  not  And  division  forms,  nor  did  we  And  the 
flrst  existence  of  parasites  in  the'tail  blood  accompanied  by  division 
forms.  The  most  reasonable  explanation  seems  to  be  that  if  a large 
amount  (0.75  c.  c.)  of  heavily  infected  blood  be  injected  into  the 
peritoneal  cavity,  the  small  young  forms  and  the  long  slender  adults 
pass  at  once  by  the  lymphatics  into  the  general  blood  stream  in  suffi- 
cient numbers  to  be  detected  in  cover-slip  preparations  within  twenty- 
four  hours  or  even  within  twenty-minutes,  but  the  rosettes  and  other 
large  division  forms  which  are  injected  into  the  i)eritoneal  cavity  are 
prevented  by  their  size  from  passage  through  the  lymph  channels 
and  remain  behind  in  the  peritoneal  cavity  until  their  division  is 
complete,  when  the  young  then  pass  through  the  lymph  passages  into 
the  blood,  leaving  the  peritoneum  permanently  free  from  parasites. 

Daily  examination  of  the  blood  for  one  to  two  days  after  the  first 
appearance  of  parasites  in  the  tail  blood  shows  at  most  only  a very 
gradual  increase  in  the  number  of  parasites  present,  but  suddenly 
there  comes  an  enormous  swarming  of  the  blood  Avith  t)arasites,  and 
the  presence  of  rosettes  and  other  division  forms  indicate  that  multi- 
plication is  going  on  in.  the  blood.  The  slide  from  which  the  micro- 
photographs (PL  III,  figs.  11,  12)  were  made  shoAvs  at  least  two  dozen 
rosettes  and  was  taken  from  the  rat  on  the  second  day  after  the  first 
appearance  of  parasites  in  the  tail  blood.  It  is  not  unusual  to  find 
parasites  in  the  proportion  of  1:2  red  blood  cells.  Exceptional 
instances  are  met  with  in  which  the  blood  corpuscles  are  outnumbered 
by  the*  trypanosomes.  The  duration  of  the  period  of  multiplication 
is  often  no  more  than  twelve  to  twenty-four  hours.  By  the  fourth 
day  after  the  first  entrance  of  parasites  into  the  blood  the  height  of 
infection  has  been  reached.  Rabinowitsch  and  Kempner  found  no 
division  forms  in  the  blood  on  the  fourth  day  after  the  first  appear- 
ance of  parasites  in  the  tail  blood. 

By  subcutaneous  inoculation. — Blood  infection  occurs  by  this 
form  of  injection  a little  later  than  hy  intraperitoneal  inoculation. 
The  shortest  time  in  our  cases  between  inoculation  and  the  appear- 
ance of  parasites  in  the  blood  was  three  days.  Multiplication  pro- 
ceeded in  the  blood  until  it  swarmed  with  myriads  of  parasites.  This 
would  seem  to  be  additional  evidence  to  the  superiority  of  the  blood 
over  the  peritoneal  fluid  as  a nutritive  medium  for  the  development 
of  the  parasites,  for  in  cases  where  the  parasites  had  advantage  of 
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the  peritoneal  fluid  in  addition  to  the  blood  their  number  did  not  ^ 
reach  a point  beyond  the  number  obtained  by  snbcntateons  injection. 

3.  By  intrasfomachal  injection. — We  have  read  some  discussion 
bearing  on  the  natural  mode  of  infection  with  trypanosomes  in  which 
infection  followed  the  eating  of  a trypanosome  rat  by  a healthy  one.  It 
was  held  that  this  could  not  be  considered  a case  of  intrastomachal  in-  > 
fection  because  the  possibility  of  the  entrance  of  the  parasites  thi’ough 
wounds  about  the  mouth,  lips,  or  teeth  had  not  been  excluded. 

TT e therefore  arranged  a series  of  experiments  in  which  we  thought 
all  likelihood  of  infection  through  wounds  was  removed  and  that 
infection  occurred  through  the  stomach.  Twelve  white  rats  were 
chloroformed  sufficiently  to  prevent  any  struggling.  Then  a small- 
sized catheter  well  oiled  was  passed  into  the  stomach  without  , 
encountering  any  resistance;  injection  of  trypanosomes  was  made 
through  the  catheter,  and  the  rats  were  then  placed  in  separate  cages 
and  examined  daily  for  parasites  in  the  tail  blood.  Eleven  out  of  the 
12  developed  blood  infections  fullv  as  heavv  as  was  obtained  bv  anv 
other  form  of  inoculation.  The  time  which  elax^sed  before  their 
appearance  in  the  blood  was  as  follows:  Two  in  four  days,  one  in  flve 
davs,  three  in  six  davs,  three  in  seven  davs,  and  two  in  ei2:ht  da  vs. 

TTe  see  that  infection  is  considerablv  delaved  bv  this  method,  the  i 

c t.  c 7 

earliest  being  in  four  davs  and  the  latest  in  eight  davs. 

Jf.  Transmission  hy  feeding. — The  success  of  the  intrastomachal 
injections  naturally  lead  to  a series  of  experiments  to  determine 
whether  infection  would  not  occur  by  feeding  when  all  precautions 
were  taken  to  x^revent  any  wounding  about  the  teeth  or  mouth.  ; 

Seven  white  rats,  apparently  free  from  mouth  wounds,  were  x^^^t 
mto  separate  cages  to  x^revent  fighting,  and  they  were  fed  with  soft  j 
food,  so  that  no  wounds  would  result  from  the  gnawing  of  bones.  j 

They  were  each  given  a single  feeding  with  the  entme  blood  of  a | 

trypanosome  rat.  Xo  other  part  of  the  infected  rats  was  given  to 
them.  Trypanosomes  appeared  in  the  tail  blood  in  five  of  the  seven 
at  x^eriods  of  time  which  averaged  six  days. 

TTild  rats  were  then  subjected  to  similar  feeding  experiments.  In 
the  blood  of  five  wild  rats  we  found  parasites  after  three,  seven,  eight, 
nine,  and  ten  days.  Some  of  the  rats  had  enormous  numbers  in  their 
blood,  while  others  had  comparatively  few. 

TT e conclude  from  these  experiments  that  infection  may  take  place 
thi’ough  the  digestive  tract  and  that  the  spread  of  the  disease  among 
wild  rats  may  be  due  to  feeding  ux^on  one  another,  esx^ecially  since  , 
the  instinct  of  fighting  and  x^luck  is  so  well  implanted  in  them  and  is 
brought  into  action  on  slight  x^rovocation.  TTe  found  it  necessary  to 
separate  the  wild  rats  in  our  stock  cage  to  prevent  losses  from  injuries  j 
inflicted  on  the  weaker  ones  by  the  stronger. 

After  beginning  the  feeding  experiments  we  were  surprised  to  read 
the  results  obtained  by  Rabinowitsch  and  Kemx)ner.  They  made  intra- 
stomachal injections  through  a stomach  tube  in  four  rats,  but  were  | 
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unsuccessful,  although  they  repeatedly  introduced  into  one  rat  blood 
rich  in  parasites  and  nourished  one  rat  chiefly  by  this  material.  They 
placed  together  an  infected  tame  rat  and  a noninfected  wild  rat,  and 
state  that  after  a hot  combat  the  tame  one  was  killed  by  the  wild,  rat 
and  eaten  with  much  pleasure.  Parasites  appeared  in  his  blood  after 
ten  days.  They  did  not  regard  this  as  a case  of  infection  necessarily  by 
the  digestive  tract,  as  the  parasites  may  have  entered  by  the  numerous 
bites  and  wounds,  nor  do  we  regard  it  as  such ; but  we  think  we  have 
in  our  experiments  removed  the  likelihood  of  entrance  through  wounds 
and  have  established  the  existence  of  infection  through  the  digestive 
tract  alone. 

5.  Transmission  by  fleas. — Rabinowitsch  and  Kempner,  with  a view 
to  finding  the  natural  mode  of  transmission,  placed  together  an  infected 
white  rat  with  a healthy  white  rat.  The  latter  became  infected  in 
eleven  days.  They  repeated  the  exj)eriment  and  found  parasites  in 
the  blood  of  another  rat  after  fifteen  days.  A gra}^  rat  showed  para- 
sites in  his  blood  after  fifteen  days’  confinement  with  tAvo  infected 
animals.  The  three  rats  which  became  infected  had  manj^  fleas  on 
them.  Examination  of  a great  number  of  teased  preparations  of  the 
fleas  did  not  reveal  any  of  the  trypanosomes  in  them.  They  then 
mashed  up  fleas  collected  from  infected  rats  and  injected  this  material 
into  the  peritoneal  cavity  of  nine  AA^hite  rats.  FiA^e  became  infected. 
Likewise  four  rats  were  injected  intraperitoneally  with  mashed-np  lice, 
but  no  infection  followed.  The  next  experiment  AA^as  to  determine 
whether  the  bites  of  fleas  Avere  infecthx.  Twent}^  fleas  were  collected 
from  infected  rats  and  placed  on  one  healthy  white  rat,  which  after  three 
weeks  time  Avas  found  to  be  infected  Avith  trypanosomes.  They  say 
that  from  this  one  positive  experiment  they  conclude  that  fleas  can  carry 
trypanosomes,  and  in  the  absence  of  j)roof  of  another  Avay  of  com^eyance 
they  are  of  the  opinion  that  fleas  are  the  ordinary  medium  of  infection. 

Jourgens  states  that  his  experiments  were  not  then  complete,  but 
that  he  had  kept  infected  rats  and  healthy  rats  together  in  the  same 
cage  without  infection  taking  place,  although  the  animals  Avere 
strongly  beset  with  fleas,  while  a later  inoculation  of  the  sound  ani- 
mals proved  them  to  be  susceptible. 

6.  Trypanosomes  in  lice. — LaA^eran  and  Mesnil  found  trypanosomes 
in  the  stomachs  of  lice  Avhich  infested  infected  rats,  but  do  not  report 
a conveyance  of  the  disease  by  lice  bites. 

7.  Trypanosomes  in  Stegomyia  fasciaia. — We  may  be  pardoned  for 
mentioning  a subject  which  is  entirely  outside  of  rat  trypanosomes — 
but  it  may  ha\"e  some  future  bearing  on  the  disease — to  state  that 
within  a year  Durham  (10)  has  reported  finding  tiypanosomes  in  a 
mosquito,  thus  adding  one  more  to  the  rapidly  growing  list  of  diseases 
through  which  this  little  creature  threatens  the  i3ublic  health.  Dur- 
ham’s report  is  inserted. 

A small  bat  (Phyllostoma)  which  could  not  be  examined  at  once  was  placed  in 
a gauze  cage,  and  Avith  it  a specimen  of  Stegomyia  faseiata.  The  next  day  the  bat 
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was  dead  and  tlie  niosqnito  fnll  of  fresh  blood.  This  blood  contained  abundant 
tiypanosonies,  whose  shape  is  quite  different  from  the  usual  ones  found  in  rats, 
Xagana,etc.  * * * Although  flagellates,  coccidia-lihe  bodies,  etc.,  often  were 
found  fi’om  time  to  time  in  the  80  mosquitoes  which  were  dissected,  this  was  the 
only  time  that  trypanosomes  were  found. 

THE  PARASITES  OUTSIDE  THE  BODY. 

We  must  confirm  the  reports  of  TTasielewski  and  Senn,  and  of 
Rabinowitscli  and  Kempner,  that  if  hanging  drops  are  made  of  blood 
containing  parasites  in  different  stages  of  division  a careful  watching 
of  the  specimen  will  not  witness  the  completion  of  the  division  process, 
whether  the  specimens  be  kep)t  at  room  temperature  or  in  the  ice  box 
or  in  the  incubator. 

Jurgens  found  quite  the  contrary.  He  made  three  hanging  drox>s 
of  the  same  blood  with  the  same  XDlatinum  loop.  Xo.  1 was  placed  at 
37°  C.  Xo.  2 was  kept  at  room  temperature.  Xo.  3 was  immediately 
dried,  fixed,  and  stained,  and  examination  showed  it  to  contain  para- 
sites preparing  to  divide.  On  the  next  day  Xos.  1 and  2 were  dried, 
fixed,  and  stained.  The  stained  specimen  of  Xo.  2 alwaj's  showed 
the  same  conditions  as  Xo.  3;  but  in  the  stained  specimen  of  Xo.  1 
there  were  rosettes  and  division  forms,  none  of  which  was  seen  in 
Xo.  3.  Therefore,  he  concludes  that  it  is  possible  for  certain  .stages 
of  the  parasite  under  certain  conditions  to  increase  outside  the  body. 

It  will  require  further  investigation  to  determine  whether  the  para- 
site exists  in  the  flea’s  body  in  the  forms  known  to  us  as  young  forms, 
division  forms,  and  adult  loarasites,  or  whether  there  is  still  another 
form  which  has  not  vet  been  described.  The  fact  of  not  beins:  able 
to  find  in  infective  fleas  any  form  resembling  a trypanosome  has  a 
close  parallel  in  what  occurred  in  one  of  our  rats.  A white  rat  in 
whose  blood  we  saw  many  parasites  in  agglutination  for  several  days 
suddenly  showed  an  absence  of  parasites  from  the  blood.  W e imme- 
diately performed  an  autopsy  and  made  a careful  search  of  the  lungs, 
liver,  spleen,  kidneys,  heart,  brain,  and  bone  marrow  for  parasites, 
but  could  find  none.  TTe  were  struck  by  the  amount  of  granular 
debris  in  the  liver  and  kidneys,  but  could  not  see  any  trypanosomes 
in  them. 

An  emulsion  was  made  of  the  kidneys  and  injected  into  the  perito- 
neal cawty  of  a young  rat.  The  liver  was  treated  in  the  same  man- 
ner and  injected  into  two  young  rats.  On  the  ninth  day  all  three 
rats  had  parasites  in  their  blood  and  a few  days  later  developed 
heavy  infections.  While  some  unknown  form  of  the  parasite  may 
have  been  present,  it  is  of  course  possible  that  well-known  forms  of 
the  trypanosomes  were  in  the  kidneys  and  liver  and  escaped  -notice. 

Jurgens  produced  infection  with  O.OOOOOo  c.  c.  of  blood.  If  this 
amount  of  blood  be  added  to  1 or  2 c.  c.  of  salt  solution,  the  dilution 
of  the  iDarasites  would  be  so  great  that  they  might  readily  be  missed  in 
hanging-drop  preparations. 

The  possibility  of  the  existence  of  some  very  minute  form  of  the 
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parasite  was  perhaps  excluded  by  our  filtration  experiments.  Try- 
panosome blood  was  diluted  with  fifteen  parts  of  physiological  salt 
solution  and  subjected  to  a porcelain  filter  under  the  influence  of  a 
vacuum.  The  filtrate  was  found  to  be  noninfective  to  rats. 

In  blood  kept  in  the  ice  chest  for  eighty-one  days  we  found  living 
trypanosomes.  Their  motion  was  of  a trembling,  vibrating  character. 
Very  few  crossed  the  field.  Many  were  arranged  in  rosettes.  In  the 
stained  preparations  we  found  parasites  in  which  the  positions  of  the 
centrosome  and  nucleus  were  reversed,  the  centrosome  being  anterior 
to  the  nucleus.  In  many  of  the  trypanosomes  there  was  granular 
degeneration,  and  there  was  also  much  free  granular  debris,  which 
probably  represented  the  remains  of  degenerated  parasites.  At  room 
temperature  and  at  37°  C.  the  parasites  are  short-lived.  The  different 
investigators  found  them  capable  of  producing  an  infection  of  rats 
after  being  kept  in  the  incubator  and  at  room  temperature  from  four 
to  seven  days.  The  parasites  when  kept  at  12°  to  16°  C.  in  sterile 
pipettes  can  maintain  their  vitality  very  much  longer  than  under  any 
other  condition. 

Laveran  and  Mesnil  kept  parasites  alive  in  defibrinated  blood  or  in 
equal  parts  of  defibrinated  blood  and  physiological  salt  solution  for 
forty-seven  days  in  the  ice  box.  At  the  end  of  this  time  the  blood 
was  injected  into  rats  and  produced  a blood  infection  in  nine  days. 
In  blood  kept  under  the  same  conditions  for  fift3^-one  days  they  saw 
no  parasites  by  microscopic  examination,  but  it  was  infective  for  rats. 

Jurgens  found  only  a few  parasites  in  blood  kept  in  the  ice  chest 
for  fifty- three  days,  but  rats  injected  with  it  showed  parasites  in  their 
tail  blood  after  seven  days. 

Bacteria  have  a very  detrimental  effect  on  the  life  of  the  parasites 
outside  the  body.  In  hanging  drops  of  trypanosome  blood  which 
has  become  infected  with  bacteria  the  parasites  rapidly  die.  Blood 
drawn  for  keeping  in  the  ice  box  must  be  kept  under  sterile  condi- 
tions. Trypanosomes  are  killed  after  an  exposure  of  a few  minutes 
at  55°  C.  Wasielewski  and  Senn  found  living  trypanosomes  in  the 
bloody  urine  of  a rat.  Rabinowitsch  and  Kempner  were  never  able 
to  find  the  parasites  in  the  feces  or  urine. 

THE  TRYPANOSOME  OF  THE  HAMSTER. 

This  animal  harbors  a parasite  which  has  been  studied  by  Rabino- 
witsch and  Kempner.  They  find  that  it  resembles  the  rat  trypano- 
some in  that  it  can  hardly  be  differentiated  from  it  morphologically 
and  has  the  same  process  of  development.  On  the  other  hand,  they 
could  not  convey  it  to  rats,  and  some  of  the  rats  Avhich  were  refractory 
to  hamster  trypanosomes  later  proved  susceptible  to  rat  trypanosomes. 

These  facts,  taken  together  with  the  fact  that  they  could  not  convey 
rat  trypanosomes  to  the  hamster,  led  them  to  conclude  that  the  ham- 
ster trypanosome  and  the  rat  parasite  represent  two  different  physio- 
logical varieties,  which  morphologically  are  almost  inseparable. 
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TRYPANOSOMIASIS  IN  MAN. 

Trypanosomiasis  as  a disease  of  man  has  not  yet  become  acclimatized 
in  the  United  States.  At  least  no  cases  have  been  reported  in  this 
country.  There  have  appeared  in  the  foreign  journals  within  the 
IDast  year,  however,  eleven  authentic  instances  of  infection  with 
trypanosomes. 

A case  of  trypanosomiasis  in  a European,  by  Dutton  (11)  and  Forde 
(12). — The  patient  was  a European,  42  years  of  age,  master  of  a gov- 
ernment steamer  on  the  Gambia  River,  in  TT est  Africa. 

On  3Iay  10,  1901,  the  patient  was  admitted  into  the  hospital  at 
Bathurst,  W est  Africa,  suffering  from  what  was  regarded  as  malarial 
fever.  Examination  of  his  blood  did  not  show  malarial  parasites,  but 
there  were  seen  extremely  active  bodies  which  were  regarded  as  filaria. 
Three  weeks  later  the  j)atient  was  invalided  to  Liverpool,  but  returned 
in  December,  1901,  to  Bathurst,  where  Dr.  Dutton,  of  the  Liverj)Ool 
School  of  Trox)ical  Medicine,  examined  the  patient’s  blood  and  found 
the  same  parasite  which  F orde  had  probably  seen  seven  months  pre- 
viously and  which  he  at  once  recognized  as  a trypanosome. 

The  symptoms  were  an  irregularly  intermittent  fever,  a very  marked 
erythema  multiforme  of  the  trunk  and  limbs,  an  oedematous  condition 
of  the  face  beneath  the  eves  and  of  the  ankles,  an  acceleration  of 
respiration  and  pulse  rates,  debility  and  loss  of  flesh,  and  enlarged 
spleen.  The  symptoms  persisted  throughout  the  eight  months  during 
which  he  was  under  observation  and  showed  no  reaction  to  treatment 
further  than  a slight  abeyance  under  Fowler's  solution. 

Dutton  found,  while  making  examinations  of  fresh  blood  during  the 
month  of  December,  1901,  an  average  of  one  and  one-half  trypano- 
somes to  each  cover  slip  t>reparatiou.  One  reparation  showed  as 
many  as  15  parasites.  This  case  continued  in  its  chronic  course  until 
the  last  week  of  life,  during  which  week  the  disease  assumed  an 
acute  type  and  the  patient  died  January  1,  1903. 

Dutton  suggests  the  name  Trypanosoma  gamhiense  in  case  that 
further  study  shows  it  to  be  a new  species. 

A second  case  of  trypanosomiasis  in  a European,  by  Manson  (13). — 
The  patient  was  the  wife  of  a missionary  on  the  Tapper  Kongo,  where 
she  had  lived  for  a year.  On  account  of  sickness  she  returned  to 
London. 

Dr.  Manson,  of  the  London  School  of  Tropical  Medicine,  recogniz- 
ing the  same  group  of  symptoms  which  the  patient  of  Dutton  and 
Forde  presented,  made  systematic,  careful  examinations  of  her  blood 
daily  for  two  weeks.  During  the  two  weeks  no  trypanosomes  were 
found,  but  at  the  end  of  this  time  the  parasites  were  readily -seen  in 
the  i)erij)heral  circulation. 

Trypanosomes  in  the  Nood  of  a IVest  Africa  native,  by  Dutton 
(11). — Three  trypanosomes  were  found  in  a single  smear  from  the 
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blood  of  a child  3 years  of  age,  a native  of  Gambia.  The  child  showed 
no  symptoms  of  disease. 

Eight  additional  cases  of  human  trypanosamiasis. — In  the  British 
Medical  Journal  for  February  7,  1903,  there  is  a “preliminary  account 
of  the  investigations  of  the  Liverpool  expedition  to  Senegambia,”  by 
Dutton,  Annett,  and  Todd.  They  found  trypanosomes  in  the  blood 
of  a white  trader  who  had  been  twenty  years  in  Gambia.  The  highest 
number  found  in  a fresh  preparation  was  seven.  The  patient  had 
lost  45  pounds  within  the  past  year,  complained  of  weakness  and 
breathlessness,  and  had  slight  fever  at  times.  The  spleen  was 
enlarged  and  there  was  pitting  of  the  ankles.  Four  other  cases  of 
infection  of  natives  were  found. 

Three  more  cases  of  human  trypanosomiasis  are  reported  in  the 
British  Medical  Journal  for  March  28,  1903,  by  Dr.  Patrick  Manson. 
They  came  from  the  European  community  on  the  Kongo,  as  did  also 
Dr.  Manson’s  first  case.  A blotchy  erjThema  and  attacks  of  fever 
characterized  these  cases. 

Tlie  finding  of  trypanosomes  in  man,  associated  with  a well-defined 
group  of  signs  and  symptoms,  is  no  small  contribution  to  the  disen- 
tanglement of  the  diseases  of  the  Tropics.  These  cases  will  lead  to 
the  recognition  of  others,  perhaps,  in  the  tropical  parts  of  our  own 
continent  or  of  Asia.  The  disease  has  been  found  in  MTest  Africa, 
and  with  this  new  fact  in  parasitology  before  us  its  geographical  dis- 
tribution may  be  found  to  have  a much  vider  range.  On  account  of 
the  interest  which  surra  claims  in  the  Philippines  and  on  account  of 
the  recognition  within  the  past  year  of  trypanosomes  in  man,  and 
since  the  process  of  development  and  conveyance  of  these  blood  para- 
sites have  heretofore  been  little  investigated  in  this  country,  we  have 
undertaken  this  study. 

AVe  wish  to  call  attention  to  the  autoagglutination,  transmission  by 
feeding,  transmission  by  intrastomachal  injection,  and  to  the  staining. 

I am  glad  to  thank  the  director  of  the  laboratory.  Dr.  M.  J.  Rose- 
nau,  for  his  interest  in  outlining  the  work. 

I am  indebted  to  Dr.  John  F.  Anderson,  the  assistant  director,  for 
valuable  suggestions,  especially  in  the  staining  of  the  parasites. 

I also  desire  to  express  my  thanks  to  Dr.  H.  B.  Parker  for  making 
the  microphotographs. 
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PLATE  I. 

Drawn  with  Abbe  drawing  camera.  Stained  according  to  Romanowsky  method. 

X 1,000. 

Figs.  1 and  2.  Adnlt  trypanosomes. 

Fig.  3.  Parasite  undergoing  longitudinal  division. 

Fig.  4.  Transverse  division. 
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PLATE  II. 


Fig.  5.  Beginning  mnltiplication. 

Fig.  6.  Same,  later  stage.  Tlie  mother  parasite  is  still  visible. 
Fig.  7.  A mnltiplication  rosette. 

Fig.  8.  Anto-agglntination. 
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FIG. 8. 


PLATE  III. 


Microphotographs.  Stained  with  Goldhom’s  stain. 

Fig.  9.  Transverse  division.  The  two  new  flagella  coming  off  from  the  side  which 
bears  the  undulating  membrane. 

Fig.  10.  Advanced  stage  of  division.  The  parent  parasite  is  curved  around  a red- 
blood  corpuscle. 

Figs.  11  and  12.  Multiplication  by  segmentation.  The  rosettes  are  composed  of  9 
and  14  daughter  parasites. 
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THE  BACTERIOLOGICAL  IMPURITIES  OF  VACCINE  VIRUS.  AN 

EXPERIMENTAL  STUDY. 


(By  Milton  J.  Eosenau,  Director  of  the  Hygienic  Laboratory,  Passed  Assistant 
Surgeon,  U.  S.  Public  Health  and  Marine-Hospital  SerAuce. ) 


OBJECT  OF  THE  AVORK. 

The  widespread  preTalence  of  smallpox  in  our  countiy  during  the 
past  few  years  gax^e  abundant  opportunity^  to  corroborate  the  great 
prophylactic  value  of  vaccination.  Hundreds  of  thousands  of  vaccina- 
tions have  been  performed  during  this  period  with  v^ery  satisfactory 
and  beneficial  results.  However,  we  were  not  surprised  to  hear  of 
some  accidents  and  complications.  There  were  sore  arms  and  a few 
fatalities  resulting  from  wound  complications. 

The  question  immediately^  arose  whether  the  cause  of  these  compli- 
cations was  contained  in  the  vaccinal  matter  or  whether  it  resulted 
from  subsequent  contamination  of  the  wound  from  outside  sources. 

Clinical  studies  can  not  be  depended  upon  to  settle  this  question, 
because  infected  “takes”  may  result  from  other  causes  than  a con- 
tamination of  the  virus. 

To  determine  this  question,  therefore,  we  made  bacteriological 
studies  of  the  number  and  kinds  of  micro-organisms  that  contaminate 
the  different  makes  of  vaccine  virus  found  on  the  open  market.  In 
our  studies  special  attention  was  given  to  the  pus  cocci  and  to  tetanus. 

W e were  rather  surprised  in  visiting  some  of  the  vaccine  farms  to 
find  that  the  operators  permitted  a certain  degree  of  carelessness  in 
preparing’  and  collecting  material  for  the  glycerinated  virus,  trusting, 
as  they"  stated,  “to  the  gly^cerin  to  take  out  the  impurities.”  This 
opinion  of  the  exalted  power  of  gly^cerin  we  have  shown  to  be  based 
upon  error.  GHcerin  will  destroy"  a certain  number  of  bacterial  im- 
purities, but  it  is  impotent  against  gross  contamination  or  spores. 
Our  studies  of  the  germicidal  power  of  glycerin  will  be  made  the  sub- 
ject of  another  paper. 

All  the  vaccines  examined  were  purchased  in  the  open  market  from 
reliable  pharmacists,  who  keep  the  virus  under  suitable  conditions  of 
light  and  temperature.  Our  results  therefore  represent  the  impurities 
found  in  the  vaccine  virus  sold  to  the  practitioner. 
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JXEVITABLE  mPURITIES  IX  BOTIXE  VACCIXE  VIEUS. 

Vaccinia  is  a specific  disease,  the  cause  of  which  has  not  been  deter- 
mined. We  are,  therefore,  working  somewhat  in  the  dark.  We  are 
compelled  to  vaccinate  our  patients  with  a virus  containing  micro- 
organisms other  than  those  causing  vaccinia.  The  importance  of  using 
a virus  as  pure  as  possible  need  not  be  emphasized  here,  for  we  do  not 
want  to  inoculate  our  patients  with  any  other  infection  than  the  one 
which  protects  the  individual  against  smallpox.  On  account  of  this 
danger  human  virus  has  been  discarded  in  many  countries,  despite  the 
fact  that  human  virus  is  believed  to  be  superior  to  bovine  virus  so  far  as 
the  reliability  and  the  duration  of  its  immunizing  power  are  concerned. 

The  production  of  bovine  virus  by  propagating  it  from  heifer  to 
heifer  is  credited  to  Vegri,  of  Xaples,  about  18d2.  It  took  some  years 
for  the  advantages  of  this  virus  to  be  appreciated.  Practically  no 
other  kind  is  now  used  in  the  large  communities  of  Europe  and  in  our 
own  country.  The  great  advantage  of  bovine  virus,  in  addition  to  the 
ease  with  which  it  may  be  procured,  is  that  it  absolutely  eliminates  the 
possibility  of  the  transmission  of  syphilis  and  other  infections  peculiar 
to  the  human  family. 

Now,  although  bovine  virus  is  free  from  the  danger  of  conveying 
the  infectious  diseases  peculiar  to  man,  it  is  liable  to  other  equally 
undesirable  contaminations.  For  instance,  in  addition  to  the  micro- 
organisms that  are  specific  for  vaccinia,  it  contains  the  ]ius  cocci  and 
the  bacteria  that  live  normally  upon  and  in  the  skin  of  the  calf,  and 
these  micro-organisms  always  contaminate  bovine  virus.  It  is  impos- 
sible to  use  germicidal  agents  in  the  treatment  of  the  vaccinal  eruption 
of  calves,  as  such  substances  would  kill  the  potency  of  the  virus. 
Therefore,  it  is  evident  that  ev^n  the  greatest  care  will  not  insure 
such  virus  against  ’•foreign"  organisms. 

G o o 

OB.JECT  OF  GLTCERIXATIXG  THE  VACCIXE  PULP. 

In  order  to  eliminate  the  danger  of  the  contaminating  bacteria,  Dr. 
Moncton  Copeman,  in  1891,  devised  the  method  of  mixing  the  pulp 
with  sterile  glycerin  of  first  quality.  The  advantages  which  Copeman 
claimed  for  the  glycerin  were  that  it  not  only  prevented  the  growth 
and  multiplication  of  the  bacteria,  always  found  in  bo\fine  virus,  but 
gradually ‘destroyed  those  which  were  present. 

Glycerin  can  hardly  be  dignified  with  a place  among  the  germicides, 
although  the  object  of  adding  it  to  vaccine  ifirus  is  to  destroy  the  con- 
taminating micro-organisms.  Bacteria  are  slowly  killed  by  glycerin, 
just  as  they  are  killed  by  drying;  the  glycerin  is  supposed  to  produce 
its  bactericidal  efiects  by  a process  of  slow  dehydration.  Germs  with 
thick  envelopes  resist  it  indefinitely.  It  has  no  action  upon  endoge- 
nous spores  at  all;  in  fact,  it  is  a preservative  of  such  infections  as 
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tetanus,  malignant  edema,  anthrax,  and  the  like.  In  80  and  90  per 
cent  glycerin,  we  have  kept  as  common  and  as  easil}"  destroj^ed  an 
organism  as  the  golden  pus  coccus  alive  forty-one  da}^s;  the  colon 
bacillus  lived  seventy  days  in  60  per  cent  glycerin;  anthrax  spores 
remaine4  alive  and  virulent  two  hundred  and  seventy-eight  da}"s  in 
gh'cerin.  This  work  will  soon  be  made  the  subject  of  another  report. 

Glycerin,  therefore,  can  not  take  the  place  of  care  and  cleanliness 
in  the  preparation  of  vaccine  virus. 

The  effect  of  mixing  glycerin  with  the  virus  is  to  gradually  destroy 
both  the  bacteria  and  the  vaccine,  but  fortunatel}’^  the  ordinary  pus 
cocci  and  nonsporulating  bacteria  generally  succumb  before  the  viabil- 
ity of  the  vaccine  organism  is  destroyed,  and  therefore  there  is  an 
interval  when  the  glycerinated  virus  will  still  cause  a typical  ‘‘take,” 
but  will  contain  comparatively  few  foreign  micro-organisms.  It  is 
evident  that  if  the  glycerinated  virus  is  used  before  this  interval  it 
has  no  advantage  over  the  dry  point,  and  if  used  after  this  interval  it 
is  inert.  Therefore,  from  a theoretical  view  point  gtycerinated  virus 
should  be  freer  from  impurities  if  used  just  at  the  right  time.  Manu- 
facturers state  that  the}"  usually  glycerinate  the  virus  from  four  to  six 
weeks  before  putting  it  on  the  market. 

The  dry  points,  on  the  contrary,  may  be  sold  as  soon  as  made  and, 
if  kept  in  a cool  place  protected  from  the  light,  they  probably  remain 
viable  a longer  time  than  the  glycerinated  virus  under  similar  condi- 
tions. It  is  well  known  that  pus  cocci  and  the  other  bacteria  which 
frequently  contaminate  vaccine  virus  die  quickly  when  dry.  These 
same  bacteria,  however,  live  a comparatively  long  time  in  dry  vaccine 
virus,  probably  on  account  of  the  protection  of  the  albuminous  matter 
in  which  they  are  imbedded. 

The  glycerinated  virus  is  made  from  the  “pulp”  that  is  scraped 
from  the  site  of  the  eruption.  This  pulp  consists  of  the  inflammatory 
exudate  and  macerated  cuticle.  The  mass  is  intimatelv  ground  with 
50  to  60  per  cent  of  glycerin,  then  placed  aside  in  a cool  place  for  sev- 
eral weeks  until  the  pyogenic  cocci  and  other  pathogenic  organisms 
disappear. 

Until  recently  the  dry  points  were  always  prepared  by  using  the 
serum  or  “lymph”  which  exudes  from  the  site  of  the  eruption,  after 
the  crusts  and  epithelial  layers  have  for  the  most  part  been  removed. 
The  sterile  ivory  points  are  then  coated  with  this  serum  by  means  of  a 
brush  or  the  points  are  dipped  directly  into  the  exudate.  This  lymph 
is  largely  blood  serum,  mixed  with  inflammatory  exudate.  At  present 
the  dry  points  are  mostly  prepared  from  the  glycerinated  pulp.  That 
is  to  say,  the  glycerinated  virus,  after  it  has  stood  a suflicient  length  of 
time  to  free  itself  of  bacterial  impurities,  is  dried  upon  ivory  points. 
Sometimes  the  glycerinated  virus  is  mixed  with  sterile  blood  serum  in 
order  to  facilitate  its  drying  and  adhesion  to  the  ivory  point. 
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SEASONAL  VARIATION  IN  THE  PURITY  OF  VACCINE  VIRUS. 

A glance  at  the  following  tables  will  show  the  unevenness  of  the 
product  of  some  manufactures.  It  will  be  noted  that  the  contaminat- 
ing microbes  seemed  to  rise  in  numbers  during  the  winter  of  1901-2, 
when  the  demand  for  vaccine  virus  was  very  great,  indicating  perhaps 
haste  in  its  production,  or  the  marketing  of  an  unripe  product.  It  will  0 
also  be  noted  that  there  is  a marked  improvement  in  the  glycerinated  ! 
product  this  winter  (1902)  as  compared  with  that  placed  on  the  market 
last  year.  We  believe  that  our  warning,  showing  the  feeble  germi- 
cidal properties  of  glycerin,  and  an  exposition  of  the  fact  that  some  '• 

of  the  glycerinated  virus  found  upon  the  market  was  “green,  ” helped  ! 

materially  toward  this  beneficial  result.  (See  article  in  American 
Medicine,  April  19,  1902,  page  637,  “ Dry  points  versus  glycerinated 
virus  from  a bacteriologic  standpoint,”  read  at  a meeting  of  the  New 
York  Academy  of  Medicine,  February  20,  1902,  by  M.  J.  Rosenau.) 

Tables  comparing  the  number  of  bacteria  in  the  dry  points  and  glycerinated  virus  marketed  : 
by  the  various  manufacturers  at  different  times.  i 


MANUFACTURER  NO.  1. 


Dry  points. 

Glycerinated  virus. 

Winter, 

1901-2. 

April  and 
May,  1902. 

November 
and  Decem- 
ber, 1902. 

Winter, 

1901-2. 

April  and 
May,  1902. 

November 
and  Decem- 
ber, 1902. 

4,923 

7,240 

0 

192 

22 

1 

6,240 

7,326 

0 

1,332 

24 

2 

9, 050 

7, 625 

1 

1,456 

28 

2 

9,  289 

7,625 

1 

6,249 

46 

2 

9,884  ^ 

9,430 

2 

6, 876 

72 

3 

10, 629 

aO,  050 

3 

7,  274 

101 

3 

14, 826 

10, 340 

3 

48 

4 

20, 828 

10, 345 

3 

80 

4 

12,075 

5 

5 

102 

12, 100 

11 

no 

9 

112 

194 

MANUFACTURER  NO.  3. 


847 

2, 518 

7,465 

111 

3,011 

41 

906 

2, 727 

8,  702 

138 

4,309 

70 

2, 088 

3, 275 

10, 022 

246 

6,022 

87 

2, 750 

3, 866 

10, 265 

352 

6,670 

95 

6,528 

4, 359 

10, 982 

1, 121 

7,294 

112 

13, 030 

4,446 

12, 923 

1,  750 

7,427 

152 

5, 577 

15, 552 

2, 070 

9,309 

230 

8,048 

25, 574 

2,263 

11,169 

234 

8, 384 

26,411 

2, 440 

239 

19, 107 

31, 380 
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Tables  camparing  the  number  of  bacteria  in  the  dry  points,  etc. — Continued. 

MANUFACTURER  NO.  4. 


Dry  points. 

Glyeerinated  vims. 

Winter, 

1901-2. 

.\pril  and 
May,  1902. 

Novernber 
and  Decem- 
ber, 1902. 

Winter, 

1901-2. 

April  and 
May,  1902. 

November 
and  Decem- 
ber, 1902. 

1, 530 

636 

243 

1,414 

24 

3 

2,160 

1, 998 

262 

1,540 

54 

4 

2,376 

2,069 

420 

1,842 

68 

6 

8,024 

2,433 

424 

2,928 

84 

11 

9,688 

2,  726 

452 

10, 372 

97 

16 

12,800 

2,780 

465 

11,232 

144 

19 

3,448 

475 

18,404 

153 

31 

3,960 

479 

165 

37 

5,402 

526 

i 

259 

8,160 

576 

393 

113 

MANUFACTURER  NO.  5. 


13 

1 

604 

84 

6 

2 

18 

5 

810 

86 

24 

2 

20 

6 

1,088 

97 

28 

2 

27 

7 

1,156 

127 

55 

2 

110 

9 

1,199 

160 

105 

2 

182 

10 

1,204 

170 

3 

219 

10 

1,399 

245 

3 

220 

10 

1,452 

257 

4 

297 

50 

2,246 

768 

5 

458 

2,584 

1,680 

6 

575 

1,700 

648 

2,069 

7,200 

10, 400 

11,200 

17, 000 

15, 760 

- 

MANUFACTURER  NO  6. 


369 

21 

0 

747 

694 

0 

1,592 

1,877 

0 

j 1, 912 

2,368 

1 

{ 2,106 

2, 689 

2 

None  exarmned. 

2, 578 

3,326 

2 

3,819 

4, 208 

4 

4, 352 

4 

8, 094 

5 

11 
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Tables  comparing  the  number  of  bacteria  in  the  dry  points,  etc. — Continued. 

MANUFACTURER  NO.  7. 


Dry  points. 

Glycerinated  virus. 

Winter 

1901-2. 

April  and 
May,  1902. 

November 
and  Decem- 
ber, 1902. 

Winter 

1901-2. 

April  and 
May,  1902. 

November 
and  Decem- 
ber, 1902. 

63 

3 

116 

28 

4 

88 

3 

160 

32 

4 

95 

5 

1,600 

35 

5 

106 

5 

2,400 

35 

5 

120 

6 

8,000 

37 

6 

125 

7 

44 

6 

128 

■ 21 

47 

7 

164 

31 

51 

7 

342 

43 

59 

9 

380 

67 

101 

9 

MANUFACTURER  NO.  8. 


450 

2,548 

853 

2,100 

13 

8 

476 

3,405 

868 

2,200 

14 

10 

516 

3,805 

887 

20 

11 

3,325 

3,829 

1,800 

21 

12 

3,475 

4,026 

1,847 

21 

13 

3,600 

4, 321 

1,946 

21 

14 

4,445 

2,074 

26 

16 

4, 665 

2,244 

28 

16 

5, 121 

2,912 

31 

19 

J 

5, 355 

3,754 

42 

20 

MANUFACTURER  NO.  9. 


195 

5, 952 

11,840 

12 

7 

245 

7, 632 

12,350 

32 

10 

312 

7, 560 

12, 960 

116 

13 

440 

7,980 

15, 680 

214 

25 

496 

8,  748 

16, 480 

236 

43 

576 

8,748 

17, 680 

345 

47 

578 

9,744 

17,  920 

370 

70 

665 

11,020 

23,800 

415 

81 

805 

12,972 

28,640 

416 

85 

1,000 

19, 872 

30, 080 

541 

105 

MANUFACTURER  NO.  10. 


0 

0 

7 

0 

0 

14 

0 

3 

15 

0 

3 

17 

0 

3 

21 

None  examined. 

0 

4 

22 

0 

4 

22 

0 

5 

31 

3 

7 

31 

4 

9 

53 
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TECHNIQUE  EMPLOYED  IN  COUNTING  BACTERIA  IN  VACCINE  VIRUS. 

The  virus  was  suspended  in  a measured  quantity  of  sterile  bouillon 
and  agitated  so  that  all  the  clumps  were  broken  up  and  a uniform 
suspension  obtained  as  nearly  as  possible.  The  dry  points  were  first 
softened  in  a small  quantity  of  bouillon  and  then  rubbed  clean,  always 
using’  the  usual  bacteriological  precautions  to  prevent  contamination 
from  the  outside.  The  glycerinated  virus  was  mixed  with  a small 
quantity  of  bouillon,  and  the  capillary  tube  washed  out  by  drawing 
the  liquid  in  and  out  of  the  tube  a number  of  times. 

The  mixing  was  done  in  test  glasses  of  appropriate  size  and  the 
mixture  thoroughly  agitated.  It  is  very  important  to  agitate  the  sus- 
pension thoroughly  in  order  to  break  up  the  clumps.  This  may  best 
be  done  b}^  drawing  the  fluid  into  pipettes  and  blowing  it  out  vigor- 
ously, repeating  the  operation  a number  of  times. 

This  suspension  was  now  planted  in  agar  and  plated  on  Petri  dishes. 
No  less  than  three  plates  were  made  of  each  point  or  capillary  tube; 
one  or  two  drops  of  the  suspension  being  planted  in  the  first  plate, 
five  or  ten  drops  in  the  second,  and  the  total  quantity  remaining  in 
the  third  plate.  In  this  way  the  figures  gave  an  accurate  count  of  all 
the  colonies  that  grew^  from  each  vaccine  examined,  excepting  in 
those  instances  where  the  vaccine  contained  excessive  numbers  of  bac- 
teria. In  such  cases  it  was  necessary  to  estimate  the  total  number  from 
the  first  or  second  plate. 

The  plates  were  grown  in  the  incubator  at  37°  C.,  and  the  counts 
made  when  the  maximum  growth  appeared,  usually  upon  the  third  day. 

It  is  practicall}"  impossible  to  determine  the  absolute  number  of 
organisms  in  a given  virus,  for  it  consists  of  an  inflammatory  product 
which  is  very  variable  in  its  physical  characteristics.  Upon  dry 
points  it  coagulates  into  a hard,  insoluble  film;  and  mixed  with 
glycerin  it  always  contains  little  masses  and  agglutinated  flakes  and 
particles  which  hold  enmeshed  the  micro-organisms.  It  is  practically 
impossible  to  ultimately  break  up  these  masses.  Therefore,  the  sus- 
pensions are  not  uniform  and  the  counts  we  make  are  only  approxi- 
mations. Micro-organisms  have  a well-known  tendency  to  group  or 
cling  together,  so  that  every  colony  upon  an  agar  plate  does  not  rep- 
resent the  growth  from  one  single  microbe.  The  figures  as  given, 
therefore,  are  misleading  only  in  that  they  give  an  underestimate  of 
the  number  of  organisms  contaminating  vaccine  virus,  and  therefore 
some  of  the  results,  as  bad  as  they  are,  do  not  fully  represent  the 
actual  conditions. 

The  capillary  tubes  containing  glycerinated  virus  vary  considerably 
in  capacity;  some  hold  three  and  four  times  as  much  as  others.  This 
fact  partly  explains  the  discordance  in  some  of  the  figures,  but  it  is 
not  sufficient  to  justify  the  marked  discrepancy  which  we  have  found 
existing  between  tubes  from  the  same  package  and  bearing  the  same 
laboratory  number  as  given  by  the  manufacturer. 
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The  following  tables  give  the  results  of  our  counts,  classified  accord- 
ing to  the  manufacturer.  They  are  given  in  three  senes:  First,  the 
result  of  our  work  during  the  winter  of  1901-2;  second,  the  result  of  our 
work  during  the  summer  (April  and  May);  and,  third,  in  November 
and  December,  1902.  We  were  surprised  to  find  such  a large  number 
of  colonies,  especially  from  the  glycerinated  virus,  and  therefore 
repeated  our  work  veiw  carefully.  The  counts  were  made  by  Dr. 
Grubbs,  Dr.  Parker,  Dr.  Francis,  and  Dr.  Anderson. 

NUMBER  OF  BACTERIA  IN  VACCINE  VIRUS  BOUGHT  ON  THE  OPEN 
MARKET,  WITH  A SPECIAL  STUDY  OF  THE  PYOGENIC  COCCI. 

The  number  of  bacteria  found  in  vaccine  virus  is  of  course  not  so 
important  a factor  as  the  kind  of  organisms.  A few  tetanus  spores  or 
virulent  pus  cocci  would  be  of  far  more  serious  moment  than  myriads 
of  the  common  saprophytes.  However,  the  number  of  organisms 
found  to  contaminate  vaccine  virus  is  a fair  index  of  its  purity,  as 
well  as  of  the  care  taken  in  its  production.  The  number  of  bacteria 
found  in  glycerinated  virus  is  also  an  indication  of  its  “ripeness.” 

We  counted  190  dry  points  and  244  glycerinated  tubes.  The  dry 
points  averaged  4,354  bacteria  per  point  and  the  tubes  1,742  per  tube. 

Some  points  contained  as  great  a number  as  44,000  foreign  organ- 
isms. The  highest  count  found  in  the  capillary  tubes  containing 
glycerinated  virus  was  30,080.  A few  (very  few)  points  and  tubes 
were  sterile,  i.  e. , gave  no  bacterial  growth  either  on  agar  plates  or  in 
bouillon. 


SERIES  1. 


The  following  tables  give  the  results  of  our  studies  during  the  win- 
ter of  1901-2: 

MANUFACTUREK  NO.  1. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

a 9, 289 

&192 

a 14, 826 

b 1, 332 

a 20, 828 

b 1, 456 

c 

b 6, 249 

6,240 

b 6, 876 

9,  884 

b 7, 274 

c 

4, 923 

9,050 

10,  629 

a Orange,  yellow,  and  white  staphylococci  were  isolated  from  these  points;  not  pathogenic  for  mice, 
rats,  and  guinea  pigs. 

& Yellow  and  white  staphylococci  were  isolated  from  these  tubes.  They  produced  no  effect  upon 
mice,  rats,  and  guinea  pigs. 

c These  short  lines  separate  samples  bearing  a different  number  as  given  by  the  manufacturer. 

This  virus  evidently  contains  more  bacteria  than  a good  virus  should. 
The  ordinary  cocci  of  suppuration  were  found  in  both  the  dry  points 
and  the  gljmerinated  virus ; and  although  these  organisms  when  inocu- 
lated into  laboratory  animals  gave  no  results,  there  is  little  indication 
that  under  favorable  circumstances  they  might  not  be  pathogenic  for 
man.  While  the  glycerin  has  reduced  the  average  number  of  bac- 
teria found  in  this  virus,  it  still  has  pathogenic  bacteria  that  it  should 
not  contain;  and,  so  far  as  the  numbers  are  concerned,  the  samples 
examined,  with  one  exception  (192),  are  far  above  the  number  allowed 
a good  virus. 

MANUFACTURER  NO.  3. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

847 

2,263 

906 

1,750 

2,088 

2,070 

2,  750 

2,440 

6,528 

111 

13, 030 

138 

246 

352 

1,121 

13 
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A great  many  molds  common  to  the  air  and  to  hay,  were  found  in 
this  virus,  indicating  stable  contamination. 

MANUFACTURER  NO.  4. 


Number  of  organisms  found. 

Dry  joints. 

Glycerinated  virus. 

1,530 

10, 372 

2,376 

11,  232 

2,160 

18,404 

8,024 

1,414 

9, 688 

1,540 

12, 800 

1,842 

2,928 

Here  we  have  a manufacturer  who  puts  up  both  kinds  of  virus,  but 
his  glycerinated  product  contains  more  bacteria  than  his  dry  points. 


MANUFACTURER  NO.  5. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

no 

84 

182 

768 

220 

1, 680 

575 

1,700 

7, 200 

2, 069 

11,200 

10, 400 

15,  760 

17,000 

«219 

o86 

«297 

«97 

«458 

«160 

«648 

«257 

513 

5127 

518 

5170 

5 20 

5245 

5 27 

a Taken  from  the  same  lot  and  examined  three  months  later. 
^’Another  sample. 


The  only  comment  that  it  seems  necessaiy  to  make  on  the  product  of 
this  manufacturer  is  its  unevenness.  While  the  average  is  fair,  we 
found  two  capillary  tubes  of  glycerinated  virus  to  contain  an  excessive 
contamination.  It  may  be  that  these  tubes  were  placed  upon  the 
market  before  they  were  sufficiently  glycerinated. 
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MANUFACTURER  NO.  6. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

None  examined. 

369 
747 
2, 106 

1,592 
1,912 
2,  .578 
3,819 

MANUFACTURER  NO.  7. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

116 

160 

None  examined. 

1, 600  • 
2,400 
8,000 

MANUFACTURER  NO.  8. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  mrus. 

450 

a 2, 100 

476 

a 2, 200 

516 

1 

- b 

1 

3,325 

■i 

1 

3,475 

I 

3, 600 

«The  ordinary-  pus  cocci  (white,  yellow,  and  orange)  were  isolated  from  this  virus,  but  when  inocu- 
lated into  animals  gave  negative  result. 

ft  This  line  separates  samples  bearing  a different  number  as  given  by  the  manufacturer. 

Nine  weeks  later  other  samples  of  the  glycerinated  virus  out  of  the 
same  box  were  counted  and  gave  only  30  bacteria  per  tube.  This 
would  seem  to  indicate  that  the  virus  ^as  “green”  when  placed  upon 
the  market,  and  that  if  the  manufacturer  had  kept  it  a few  weeks 
longer  it  would  have  been  freer  from  contamination. 
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MANUFACTURER  NO.  9. 


Number  of  organisms  found. 

Dry  points. 

Glyceiinated  Tims. 

11,840 

I 

i 

12,350 

1 

12,960 

j 

15,680 

f 

16,480 

t None  examined. 

i 

17,680 

17,920 

1 

23,800 

1 

28,640 

1 

30,080 

MANUFACTURER  NO.  10. 


Number  of  oig^anisms  found. 

Dry  points. 

Glycerinated  virus. 

® i 

0 

0 

0 

None  examined. 

0 

0 

i 

0 

0 

o 

o 

SUMMARY  OF  SERIES  I. 


Winter  1901-2. 


1 

Number  of  organisms  found. 

• 

Dry  points. 

Glycerinated  tubes. 

i 

13 

1 

1 0 

2, 100 

18 

0 

2,106 

20 

0 

2, 200 

27 

0 

2,263 

110 

0 

2, 400 

182 

0 

2,440 

219 

0 

2,578 

220 

0 

2,928 

297 

3 

3, 819 

450 

4 

6,249 

458 

30 

6,876 

476 

84 

7,249 

516 

86 

8,000 

575 

97 

10, 372 

648 

111 

10, 400 

847 

116 

11,232 

906 

127 

11, 840 

1,530 

138 

12,350 

2,088 

160 

12,  960 

2,160 

160 

15, 680 

2,376 

170 

16, 480 

2,  750 

192 

17,000 

3,325 

245 

17, 680 

3,475 

246 

17, 920 

3,600 

257 

18, 404 

4, 923 

352 

23,800 

6,240 

369 

28, 640 

6, 528 

747 

30, 080 

7,200 

768 

8, 024 

1,121 

9,050  ! 

1,332 

9, 289 

1,414 

9, 688  j 

1,456 

9,884 

1,540 

10, 629 

1,592 

11,200 

1,600 

12, 800 

1,680 

13, 030 

1,700 

14, 826 

1,750 

15, 760 

1,842 

20, 828 

1,912 

2,069 

2,070 

Number  points  examined  . 41 

Number  tubes  examined  . . 71 

Total  bacteria 197,185 

Total  bacteria  . . . 

333, 586 

Average  per  point 4,809  : 

Average  per  tube 

4, 698 

22158— No.  12—03 2 


SERIES  II. 


The  following  tables  give  the  results  of  our  studies  during  the 
spring  of  1902: 


MANUFACTURER  NO.  1. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

7,240 

22 

7,326 

24 

7,625 

28 

7,625 

46 

9,430 

72 

10, 050 

101 

10, 340 
10, 345 
12, 075 
12, 100 

48 

80 

102 

110 

112 

194 

The  d*ry  points  were  dated  “to  be  exchanged  aftereTuneS,  1902,” 
and  were  examined  May  23, 1902.  The  plates  contained  many  colonies 
of  a yellow  staphylococcus  resembling  pus  organisms. 

The  glycerinated  virus  was  dated  by  the  maker  “to  be  exchanged 
after  April  25, 1902,”  and  was  examined  April  26,  1902. 


MANUFACTURER  NO.  3. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

2, 518 

3,011 

2,727 

4, 309 

3, 275 

6,022 

3,866 

6,670 

4,  359 

7,294 

4,446 

7,427 

5,  577 

9, 309 

8,048 

11, 169 

8,384 

19, 107 

19 
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The  dry  points  were  guaranteed  by  the  manufacturer  until  June  7, 
1902,  and  were  examined  April  30,  1902. 

The  glycerinated  virus  was  guaranteed  by  the  manufacturer  until 
June  17,  1902,  and  was  counted  April  30,  1902. 


MANUFACTURER  NO.  4. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

636 

24 

1,998 

54 

2,069 

68 

2, 433 

84 

2, 726 

97 

2,780 

144 

3,448 

153 

3, 960 

165 

5,402 

259 

8,160 

393 

The  dry  points  were  labeled  by  the  maker  to  be  returned  after 
May  28,  1902,  and  were  counted  May  14,  1902. 

The  glycerinated  virus  was  labeled  by  the  maker  to  be  returned 
after  June  17,  1902,  and  was  examined  May  15,  1902. 


MANUFACTURER  NO.  5. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

1 

6 

5 

24 

6 

28 

7 

55 

9 

105 

10 

10 

10 

50 

The  dry  points  were  labeled  by  the  maker  to  be  returned  after  May 
18,  1902,  and  were  planted  April  25,  1902. 

The  glycerinated  virus  was  labeled  to  be  returned  after  May  11, 
1902,  and  was  examined  April  25,  1902. 
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MANUFACTURER  NO.  6. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

None  examined. 

21 
694 
1,877 
2, 368 
2,689 
3, 326 
4, 208 
4, 352 
8, 094 

The  glycerinated  virus  was  stated  by  the  manufacturer  to  be  good 
until  June  4,  1902,  and  was  examined  April  30,  1902. 

Many  yellow  and  white  colonies  grew  on  the  plates  from  this  vac- 
cine resembling  pus  cocci.  The  following  table  shows  the  result  of 
our  study  of  12  of  these  organisms: 


Table  of  staphylococci  isolated  frora 


Xo. 

Grouping. 

Eelation  to  Grams. 

Indol. 

1 

Growth  in  milk.  j 

3 10 

Srapliylococci 

Stains 

Xegative 

Very  slight  acid  prod- 

net. 

3 10 

do 

do 

do 

Xo  change 

i 5 

do 

do 

do 

Light  yellow  ...  

-10 

do 

do 

do 

Light  brown 

r 

; -0 

do 

do 

do  

r 

Light  yellow 

^ 10 

do 

Xegative 

do - . . 

1 

I 

1 

Acid  production;  pre- 

eipitate  of  casein. 

610 

do 

Stains 

|.....do 

Xo change 

j 

■ ^23 

do 

do 

do 

do ^ 

8.5 

do 

do 

do 

do ..^ 

; »20 

do 

do 

Very  slight  

Alkaline,  brotmish 

yellow  precipitate. 

10  65 

do 

do - 

XegatiTe 

Xo  change 

10  65 

do 

do 

do 

Dirty  light  blue,  with 

scum  on  surface. 
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glycerinated  virus  of  manufacturer  No.  6. 


Growth  in  gelatin. 

Growth  in 
bouillon. 

Growth  on  potato. 

Growth  in  glucose 
bouillon. 

Growth  in  lactose 
bouillon. 

No  liquefaction. . . 

Diffused  cloudi- 

White  granular 

No  fermentation; 

No  fermentation; 

ness. 

growth;  scanty. 

cloudy  all 

cloudy  at  bend 

through. 

of  tube. 

Slow  liquefaction. 

Slightly  cloudy. . . 

Heavy  growth; 

No  fermentation; 

Do. 

yellowish  green. 

slightly  cloudy 

at  bend  of  tube. 

No  liquefaction . . . 

do 

Slight  y e 1 low 

No  fermentation; 

Do. 

growth. 

cloudy  at  bend 

of  tube. 

do 

do 

No  growth 

No  fermentation; 

No  fermentation; 

very  slight 

very  slight 

growth  at  bend 

growth  at  bend 

of  tube. 

of  tube. 

do 

do 

Heavy  yellow 

No  fermentation; 

No  fermentation; 

growth  all  over 

precipitate  at 

precipitate  at 

potato. 

bend  of  tube. 

bend  of  tube. 

do 

Cloudv 

Heavy  white 

No  fermentation; 

No  fermentation; 

growth  spread- 

slightly  cloudy 

slightly  cloudy  | 

ing. 

at  bend  of  tube. 

at  bend  of  tube. 

Very  slow  lique- 

do 

Yellowish  white 

No  fermentation; 

No  fermentation; 

faction. 

growth;  very 

very  slight 

very  slight 

heavy. 

growth  at  bend 

growth  at  bend 

of  tube. 

of  tube. 

No  liquefaction 

do 

Invisible  growth  . 

do 

Do. 

do 

do 

do 

do 

Do. 

do 

.....  do 

Abundant  white 

do 

Do. 

growth,  slowly 

spreading. 

Slow  liquefaction. 

Slightly  cloudy. . . 

Slow  growth,  yel- 

do 

Do. 

low  granular. 

N o liquefaction . . . 

Slightly  cloudy; 

No  growth 

do 

Do, 

some  precipitate. 
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MANUFACTURER  NO.  7. 


Number  of  organisms  found. 


Dry  points. 

Glycerinated  virus. 

63 

28 

88 

32 

95 

35 

106 

35  i 

120 

37 

125 

44 

128 

47  i 

164 

51  ' 

342 

59  ■ 

380 

101 

The  dry  points  were  stated  by  the  maker  to  be  good  until  June  15, 
1902,  and  were  examined  April  26,  1902. 

The  glycerinated  virus  was  labeled  by  the  manufacturer  to  be  good 
until  May  1,  1902,  and  was  counted  April  26,  1902. 

MANUFACTURER  NO.  8. 


1 

Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

i 

i 2,548 

13 

j 3, 405 

14 

j 3,805 

20 

3,829 

21 

4, 026 

21 

1 4, 321 

21 

4,445 

26 

i 4,665 

28 

j o,  121 

31 

I 5, 355 

i 

42 

Counted  Ma\"  15,  1902.  The  packages  contained  neither  date  nor 
laboratory  number. 
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MANUFACTURER  NO.  9. 


Number  of  organisms  found. 

i 

Dry  points. 

Glycerinated  virus. 

195 

12 

245 

32 

312 

116 

440 

214 

496 

236 

576 

345 

578 

370 

665 

415 

805 

416 

1,000 

541 

The  dry  points  were  prepared,  according  to  the  maker’s  label,  May 
1,  1902,  and  were  counted  May  15,  1902. 

The  glycerinated  virus  was  not  to  be  used  after  July  1,  1902, 
according  to  the  maker’s  statement,  and  was  examined  May  15,  1902. 

MANUFACTURER  NO.  10. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

0 

- 

0 

3 

. 

3 

None  examined 

3 

4 

4 

5 

i 

9 

The  glj’^cerinated  virus  was  marked  to  be  returned  after  August  1, 
1902,  and  was  counted  May  16,  1902. 
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SOrJlAEY  OP  SEPvIES  H. 
April  and  ^lay,  1902. 


Xuinber  of  organisms  found. 

Dry  points. 

_ __  i 

1 

Glycerinated  tubes,  | 

1 

I 1 

5, 355 

0 

110  ' 

5 

5, 402 

0 

112 

6 

5, 577 

3 

116 

7 

7, 240 

3 

144  ; 

9 

7,326 

3 

153  f 

10 

7, 625 

4 

165  1 

10 

7, 625 

4 

-104  ‘ 

i| 

10 

8,048 

5 

214  1 

50 

8,160 

6 

236  i 

63 

8,3S4  ‘ 

- 

259  1 

S3 

9,430 

9 

345  I 

95 

10,050 

12 

370  i 

106 

10,340 

13 

393 

120 

10, 345 

14 

415 

i 125 

12. 075 

20 

416 

; 128 

12,100 

21 

-541 

' 164 

19, 107  : 

21 

604 

195 

1 

i ’21 

1, 877 

245 

■ 

21 

2,368 

1 312 

1 

22 

2,689 

342 

24 

3,011 

380 

24 

3,326 

440 

24 

4,208 

496 

26 

4,309 

576 

28 

4, 352 

578 

28 

6,022 

636 

28 

6,670 

665 

28 

7,294 

805 

! 31 

7,427 

1,000 

32 

8,094 

1,998 

1 32 

9,309 

2, 069 

1 ‘ 35 

11,169 

2,433 

[ 35 

2, 518 

37 

2,548 

! 42 

2,726 

i 44 

2,727 

46 

2, 780 

' 47 

3,275 

48 

3,405 

• 51 

3,44S 

54 

3, 805 

55 

3,829 

59 

3,866 

68 

3, 960 

72 

4.  026 

80 

1 4, 321 

84 

4. 359  . 

• 97 

i 

101 

1 4,446 

101 

1 4. 665 

102 

5,121 

105 

1 Number  points  exaroined. . 69  j 

Number  tubes  examined 84  ! 

Total  bacteria 

238,626 

Total  bacteria 

88,879 

, Average  per  point 3,458 

i 1 

Average  per  tube 

1,058  1 

SEEIES  III. 


The  following  tables  give  the  results  of  our  studies  made  during  the 
winter,  November  and  December,  1902. 

Note  especially  how  vastly  superior  the  glycerinated  virus  in  this 
series  is  to  Series  I and  II.  Eighty-nine  capillaiy  tubes  examined 
averaged  only  29  bacteria  per  tube,  whereas  in  Series  II,  made  in 
April  and  May,  1902,  the  average  was  1,058,  and  in  Series  I,  made 
in  the  winter  1901-2,  it  was  4,698. 


MANUFACTURER  NO.  1. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

0 

1 

0 

2 

1 

2 (Coc.  3.) 

1 

2 

2 

3 

3 (Coc.  1.) 

3 

3 

4 

3 

4 

5 

5 

11  (Coc.  2.) 

9 (Coc.  4.) 

These  points  were  labeled  by  the  manufacturer  to  be  exchanged 
after  November  23,  1902,  and  were  counted  November  21,  1902. 

The  glycerinated  lymph  was  labeled  good  to  December  10,  1902,  and 
was  counted  November  21,  1902. 

The  following  organisms,  some  of  which  resemble  the  pyogenic 
cocci,  were  isolated: 

Coccus  No.  1. — This  staphylococcus  was  one  of  3 colonies  which  grew  on  our  agar 
plates  planted  from  a dry  point  of  manufacturer  No.  1. 

The  staphylococcus  does  not  stain  by  Gram’s  method;  does  not  produce  indol  in  a 
24-hour  bouillon  culture;  no  change  in  litmus  milk;  does  not  liquefy  gelatine;  bou- 
illon is  slightly  clouded  with  some  white  precipitate;  on  agar,  a grayish  white  moist 
glistening  growth;  on  potato,  white  growth,  slowly  spreading;  in  glucose  bouillon,  no 
fermentation,  growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  growth 
at  bend  of  tube. 

Coccus  No.  2. — This  staphylococcus  was  one  of  11  colonies  which  grew  on  our  agar 
plates  planted  from  a dry  point  of  manufacturer  No.  1. 

The  staphylococcus  does  not  stain  by  Gram’s  method;  does  not  produce  indol  in  a 
24-hour  bouillon  culture;  no  change  in  litmus  milk;  does  not  liquefy  gelatine;  bou- 
illon is  clear,  with  a yellow  precipitate;  on  agar  a lemon  yellow,  moist,  shiny  growth; 
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on  potato,  a scant  yellowish  growth;  in  glucose  bouillon,  no  fermentation,  growth 
at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  growth  at  bend  of  tube. 

Coccus  No.  3. — This  staphylococcus  was  one  of  2 colonies  which  grew  on  our  agar 
plates  planted  from  a tube  of  glycerinated  virus  of  manufacturer  No.  1. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  litmus  milk,  a slight  alkaline  production;  does  not  liquefy  gela- 
tine; bouillon  is  clear,  some  w^hite  precipitate;  on  agar,  a heavy,  glistening  pink  pig- 
ment growth;  on  potato,  very  scanty  pink  growth;  in  glucose  bouillon,  no  fermen- 
tation, slight  growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  slight 
growth  at  bend  of  tube. 

Coccus  No.  4. — This  staphylococcus  was  one  of  9 colonies  which  grew'  on  our  agar 
plates  planted  from  a tube  of  glycerinated  virus  of  manufacturer  No.  1. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  litmus  milk,  no  change,  but  a white  precipitate;  does  not  liquefy 
gelatine;  in  bouillon,  clear,  white  precipitate;  on  agar,  a scanty  white,  glistening 
growth;  on  potato,  very  scanty  white  growth;  in  glucose  bouillon,  no  fermentation, 
slight  growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  slight  growth  at 
bend  of  tube. 

MANUFACTURER  NO.  3. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

7,465 

41 

8,702  (Coc.  5.) 

70 

10, 022 

87 

10, 265 

95  (Coc.  9.) 

10,  982 

112  (Coc.  10.) 

12,923  (Coe.  6.) 

152 

15, 552 

230 

25, 574 

234 

26,411  (Coc.  7.) 

239 

31,380  (Coc.  8.) 

The  dry  points  were  labeled  to  be  good  until  December  7,  1902,  and 
were  planted  for  study  November  8,  1902. 

The  glycerinated  lymph  was  labeled  good  until  December  17,  1902, 
and  was  planted  November  25,  1902. 

The  following  organisms  resembling  the  pyogenic  cocci  were 
isolated : 

Coccus  No.  5. — This  staphylococcus  was  one  of  8,702  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  No.  3.  The  staphylococcus 
does  not  stain  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  bouillon  cul- 
ture; in  litmus  milk,  slightly  acid  production;  does  not  liquefy  gelatine;  bouillon 
very  cloudy,  white  pellicle,  and  precipitation;  on  agar,  grayish- white,  shiny,  moist 
growth;  on  potato,  heavy  yellowish-white  growth  all  over  potato;  in  glucose  bouil- 
lon, slight  fermentation,  cloudy  all  through;  in  lactose  bouillon,  slight  fermentation, 
cloudy  all  through. 

Coccus  No.  6. — This  staphylococcus  was  one  of  12,923  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  No.  3.  The  staphylococcus 
stains  by  Gram’s  method;  4oes  not  produce  indol  in  a 24-hour  bouillon  culture; 
slight  acid  produced  in  litmus  milk ; liquefies  gelatine  very  slowly ; bouillon  is  slightly  ^ 
cloudy,  Avith  some  white  precipitation;  on  agar,  a grayish-white,  shiny,  moist  growth; 
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on  potato,  a white,  granular,  spreading  growth;  in  glucose  bouillon,  no  fermentation, 
slightly  cloudy  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  slightly  cloudy 
at  bend  of  tube. 

Coccus  Xo.  7. — This  staphylococcus  was  one  of  26,411  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  Xo.  3.  The  staphylococcus 
stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  bouillon  culture;  no 
change  in  litmus  milk;  rapidly  liquefies  gelatine;  bouillon  is  clouded  with  white  pre- 
cipitation; on  agar  there  is  a white,  moist,  shiny  growth;  on  potato,  a white,  granu- 
lar growth,  nearly  invisible;  in  glucose  bouillon,  no  fermentation,  but  growth  at 
bend  of  tube;  in  lactose  bouillon,  no  fermentation,  but  growth  at  bend  of  tube. 

Coccus  Xo.  8. — This  staphylococcus  was  one  of  31,380  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  Xo.  3.  The  staphylococcus 
stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  bouillon  culture;  no 
change  in  litmus  milk;  liquefies  gelatine  very  slowly;  bouillon  is  slightly  cloudy,  with 
white  precipitation;  on  agar,  a yellowish-white,  moist,  shiny  growth;  on  potato, 
white,  granular  growth  nearly  imdsible;  in  glucose  bouillon,  no  fermentation,  growth 
at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  growth  at  bend  of  tube. 

Coccus  Xo.  9. — This  staphylococcus  was  one  of  95  colonies  which  grew  on  our  agar 
plates  planted  from  a tube  of  manufacturer  Xo.  3.  The  staphylococcus  does  not  stain 
by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  bouillon  culture;  strong 
acid  production  in  litmus  milk;  does  not  liquefy  gelatine;  bouillon  is  verj'  cloudy, 
white  precipitate;  on  agar,  a grayish- white,  moist,  shiny,  glistening  growth;  on 
potato,  very  heavy,  white  growth  all  over;  in  glucose  bouillon,  fermentation  14  inch, 
growth  all  through;  in  lactose  bouillon,  fermentation  three-fourths  inch,  growth  all 
through. 

Coccus  Xo.  10. — This  staphylococcus  was  one  of  112  colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  Xo.  3.  The  staphylococcus  stains 
by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  bouillon  culture;  no  change 
in  litmus  milk;  does  not  liquefj'  gelatine;  in  bouillon,  clear  yellowish  pellicle  and 
precipitate;  on  agar,  yellow,  dry,  and  granular  growth;  on  potato,  very  scanty,  yel- 
low growth;  in  glucose  bouillon,  no  fermentation,  growth  at  bend  of  tube;  in  lactose 
bouillon,  no  fermentation,  growth  at  bend  of  tube. 


MANUFACTUEER  NO.  4. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

243 

3 

262 

4 

420 

6 

424 

11  (Coe.  13, 14.) 

452 

16 

465 

19 

475  (Coc.U,12.) 

31 

479 

37 

526 

77  (Coe.  15.) 

576 

113 

The  label  of  thie  manufacturer  stated  that  the  dry  points  were  good 
till  November  28,  1902.  They  were  planted  for  counting  November 
18, 1902. 

The  glycerinated  virus  was  labeled  to  be  good  till  January  1,  1903, 
and  was  planted  for  study  November  28,  1902. 
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The  following  organism;?  resembling  the  pyogenic  cocci  were 
isolated; 

Coccus  Xo.  11. — This  staphylococcus  was  one  of  475  colonies  which  grew  on  oui* 
agar  plates  planted  from  a dry  point  of  manufacturer  Xo.  4. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  strong  acid  production  in  litmus  milk;  rapidly  liquifies  gelatine; 
bouillon  is  cloudy,  with  some  precipitate;  on  agar  there  is  a whitish-yellow,  moist, 
shiny  growth;  on  potato,  a yellow  growth,  spreading  slowly;  in  glucose  bouillon,  no 
fermentation,  but  cloudy  all  through;  in  lactose  bouillon,  no  fermentation,  cloudy  all 
through. 

Coccus  Xo.  12. — This  staphylococcus  was  one  of  475  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  Xo.  4. 

The  staphylococcus  stains  by  Gram's  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  htmus  milk,  acid  production,  coagulation  and  casein  precipitate; 
bouillon  is  slightly  cloudy,  white  precipitate;  on  agar,  whitish  gray,  moist,  glisten- 
ing growth;  on  potato,  white  granular  growth;  in  glucose  bouillon,  no  fermentation, 
growth  all  through;  in  lactose  bouillon,  no  fermentation,  growth  all  through. 

Coccus  Xo.  13. — This  staphylococcus  was  one  of  11  colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  ZSTo.  4. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  no  change  in  htmus  milk;  does  not  liquefy  gelatine;  bouiUon 
slightly  clouded,  yellow  precipitate;  on  agar,  growth  transparent,  thin  layer,  no  pig- 
mentation; on  potato,  scanty  yellow  groTvth ; in  glucose  bouillon,  no  fermentation, 
slight  growth  at  bend  of  tube;  in  lactose  bouihon,  no  fermentation,  shght  growth  at 
bend  of  tube. 

Coccus  Xo.  14. — This  staphylococcus  was  one  of  11  colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  Xo.  4. 

The  staphylococcus  does  not  stain  by  Gram’s  method;  does  not  produce  indol  in  a 
24-hour  bouillon  culture;  no  change  in  litmus  milk;  does  not  hquefy  gelatine;  bouil- 
lon slightly  cloudy,  some  white  precipitate;  on  agar,  a lemon-colored,  moist,  glisten- 
ing growth;  on  potato,  no  growth;  in  glucose  bouillon,  no  fermentation,  but  growth 
aU  through;  in  lactose  bouillon,  no  fermentation,  but  growth  all  through. 

Coccus  Xo.  15. — This  staphylococcus  was  one  of  77  colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  Xo.  4. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  no  change  in  htmus  milk;  does  not  hquefy  gelatine;  bouillon 
slightly  cloudy,  with  some  precipitate;  on  agar,  a shght  granular,  scanty  growth,  no 
pigmentation;  on  potato,  no  growth;  in  glucose  bouihon,  no  fermentation,  growth  ail 
through;  in  lactose  bouihon,  no  fermentation,  growth  ah  through. 

MA^'UFAGTUEEK  NO.  5. 


Number  of  organisms  found. 

Drv  points. 

1 

Glycerinated  virus. 

1 

; 604 

2 

; 810 

2 

' 1,088 

2 

! 1, 156 

2 

' 1, 199 

2 

1,204 

3 (Coc.  16.) 

! 1,399 

3 

1 1, 452 

4 

2,246 

5 

■ 2,5S4 

6 

1 
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These  dry  points  were  stated  ])y  the  manufacturer  to  be  good  until 
December  1, 1902.  The\"  were  planted  for  counting  November  7, 1902. 

The  glycerinated  lymph  was  stated  by  the  manufacturer  to  be  good 
until  December  19,  1902,  and  was  counted  November  21,  1902. 

The  following  organisms  resembling  the  p3mgenic  cocci  were  isolated: 

Coccus  No.  16. — This  staphylococcus  was  one  of  3 colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  No.  5. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  no  change  in  litmus  milk;  does  not  liquefy  gelatine;  bouillon 
slightly  clouded,  with  some  white  precipitate;  on  agar,  a whitish  gray,  moist,  shiny 
growth;  on  potato,  a white  spreading  growth;  in  glucose  bouillon,  no  fermentation, 
growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  growth  at  bend  of 
tube. 

MANUFACTURER  NO.  6. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  virus. 

0 

0 

0 

1 

2 

2 

4 

4 

5 

11  (Coc.  17.) 

The  gl3^cerinated  virus  was  dated  August  8,  1902,  and  was  planted 
December  3,  1902. 

The  following  organisms  resembling  the  pyogenic  cocci  were 
isolated: 

Coccus  No.  17. — This  staphylococcus  was  one  of  11  colonies  which  grew  on  our  agar 
plates,  planted  from  a tube  of  manufacturer  No.  6, 

The  staphylococcus  stains  by  Gram’s  method.  Does  not  produce  indol  in  a 24-hour 
bouillon  culture;  produces  acid,  with  yellow  pellicle  and  precipitate  in  litmus  milk; 
liquefies  gelatine  very  slowly;  bouillon  clear,  with  some  yellow  precipitate;  on  agar,  a 
heavy  yellow-orange  growth;  on  potato,  scant  yellowish  growth;  in  glucose  bouillon, 
no  fermentation,  slightly  cloudy  at  bend  of  tube;  in  lactose  bouillon,  no  fermenta- 
tion, slightly  cloudy  at  bend  of  tube. 
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MANUFACTURER  NO.  7. 


1 Number  of  organisms  found. 

1 

Dry  points. 

j 

Glycerinated  virus. 

3 

4 (Coc.  19.) 

o 

O 

4 

5 

5 

5 

5 

6 

6 

7 

6 

21 

31 

7 

48 

. 9 (Coc.  20.) 

67  (Coc.  18.) 

9 (Coc.  21.) 

The  points  Mrere  labeled  to  be  good  till  December  15, 1902,  and  were  | 
planted  November  2d,  1902.  j 

The  glycerinated  virus  was  labeled  good  till  December  15, 1902,  and  i 
was  counted  November  22, 1902.  ;j 

The  following  organisms  resembling  the  pyogenic  cocci  were  iso- 
lated; !: 

Coccus  Xo.  18. — This  staphylococcus  was  one  of  67  colonies  which  grew  on  our  agar 
plates  planted  from  a dry  point  of  manufacturer  Xo.  7.  I 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  ! 
bouillon  culture;  no  change  in  litmus  milk;  does  not  liquefy  gelatine;  bouillon  cloudy  ; 
with  white  precipitate;  on  agar,  whitish  transparent,  slightly  granular,  scanty  growth;  J 
on  potato,  brownish  white  granular  growth;  in  glucose  bouillon,  no  fermentation,  i 
growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  growth  at  bend  of  tube. 

Coccus  Xo.  19. — This  staphylococcus  was  one  of  4 colonies  which  grew  on  our  agar 
plates  planted  from  a tube  of  manufacturer  Xo.  7.  ; 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour  I 
bouillon  culture;  no  change  in  litmus  milk;  hquefies  gelatine;  bouillon  cloudy,  white  | 
pellicle  and  precipitate;  on  agar,  white  shiny  growth;  on  potato,  white  granular 
growth;  in  glucose  bouillon,  no  fermentation,  growth  at  bend  of  tube;  in  lactose 
bouillon,  no  fermentation,  growth  at  bend  of  tube.  i 

Coccus  Xo.  20. — This  staphylococcus  was  one  of  9 colonies  which  grew  on  oUr  agar 
plates  planted  from  a tube  of  manufacturer  Xo.  7. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  no  change  in  litmus  milk;  does  not  hquefy  gelatine;  bouillon  clear 
with  slightly  white  precipitate;  on  agar,  whitish  gray  isolated  colonies;  on  potato, 
no  growth;  in  glucose  bouillon,  no  fermentation,  growth  at  bend  of  tube;  in  lactose 
bouillon,  no  fermentation,  growth  at  bend  of  tube. 

Cocms  Xo.  21. — This  staphylococcus  was  one  of  9 colonies  which  grew  on  our  agar 
plates  planted  from  a tube  of  manufacturer  Xo.  7. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  a slight  acid  production  in  litmus  milk;  slowly  liquefies  gelatine; 
bouillon  cloudy  with  some  white  precipitation;  on  agar,  heavy  yellow  growth ; on 
potato,  very  heavy  yellow  granular  growth;  in  glucose  bouillon,  no  fermentation, 
growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  growth  at  bend  of  tube. 
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MAXUFACTUEER  XO.  S. 


Number  of  organisms  found.  ; 

Dry  points. 

Giycerinated  virus.  j 

S53  (Coe.  22.) 

8 ! 

S6S 

10  : 

SS7  (Coe.  23.) 

11  , 

1,800 

12 

1, 847 

13 

1,946 

14  ; 

2. 074 

16  (Coe.  25.) 

2, 244 

16  ! 

2,912 

19 

3,7-54(Coc.  24.) 

20  : 

The  dry  points  of  this  manufacturer  have  no  date.  They  were 
planted  December  5,  1902. 

The  glycerinated  virus  also  had  no  date  and  was  counted  December 
2,  1902. 

The  following  organisms  resembling  the  pyogenic  cocci  were  iso- 
lated: 

Coccus  Xo.  22. — This  staphylococcus  was  one  of  853  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  yo.  8. 

The  staphylococcus  does  not  stain  by  Gram’s  method;  does  not  produce  indol  in  a 
24-hour  bouillon  culture;  no  change  in  litmus  milk;  does  not  liquefy  gelatine;  bouillon 
cloudy,  with  white  precipitate;  on  agar,  white,  shiny,  moist,  glistening  growth ; on 
potato,  yellowish  white  growth;  in  glucose  bouillon,  no  fermentation,  slight  growth 
at  bend  of  tube;  in  lactose  bouillon,  no  fermentation,  slight  growth  at  bend  of  tube. 

Coccus  Xo.  23. — This  staphylococcus  was  one  of  887  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  Xo.  8. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  very  slight  acid  production  in  litmus  milk;  liquefies  gelatine  very 
slowly;  bouillon  cloudy,  with  white  precipitate;  on  agar,  dirty  white,  shiny,  moist 
growth;  on  potato,  yellow  spreading  growth;  in  glucose  bouillon,  no  fermentation, 
growth  at  bend  of  tube;  in  lactose  bouillon,  no  fennentation,  growth  at  bend  of  tube. 

Coccus  Xo.  This  staphylococcus  was  one  of  3,754  colonies  which  grew  on  our 
agar  plates  planted  from  a dry  point  of  manufacturer  Xo.  8. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  cultm’e;  slight  acid  production  in  litmus  milk;  liquefies  gelatine;  bouillon  is 
cloudy,  with  white  precipitate;  on  agar  there  is  a white,  shiny,  moist,  glistenirg 
growth;  on  potato,  a white  granular  growth  spreading  all  over  the  potato;  in  glucose 
agar,  no  fermentation,  but  growth  at  bend  of  tube;  in  lactose  bouillon,  no  fermenta- 
tion, but  growth  at  bend  of  tube. 

Coccus  Xo.  25. — This  staphylococcus  was  one  of  16  colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  ^o.  8. 

The  staphylococcus  does  not  stain  by  Gram’s  method;  does  not  produce  indol  in  a 
24-hour  bouillon  culture;  very  strong  acid  production  in  milk;  does  not  liquefy  gela- 
tine; bouillon  slightly  cloudy,  with  some  white  precipitate;  on  agar,  a slight  granular 
gcanty  grovrth  with  no  pigmentation;  on  potato,  no  growth;  in  glucose  bouillon,  no 
fermentation,  growth  all  through;  in  lactose  bouillon,  no  fermentation,  growth  at 
bend  of  the  tube. 

22158— Xo.  12—03 
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MAyUFACTUPvER  XO.  9. 


1 

‘ Number  of  organisms  found. 

Dry  points. 

j 

Glycertaaied  Tixus.  ; 

1 

5, 952 

^ } 

j 7,632 

10  1 

7, 560 

13  i 

0 

1 

25  1 

S,  74S  (Coc.  26.) 

43  i; Coe.  29.) 

S,  74S  (Ccc.27.) 

47  • 

9.744 

70  i 

11,0-20 

si  1 Coc.  30.) 

12.972  (Coc.  2s.) 

So 

19.  s72 

105 

According-  to  the  label,  the  dry  points  were  prepared  by  the  manu- 
facturer October  31.  190:2.  aiul  were  planted  November  29.  1902.  : 

The  olvcerinated  cirus  was  not  dated.  It  was  counted  December  | 
1.  1902. 

The  following  organisms  resembling  the  pyogenic  cocci  were  isolated: 

Coccus  Xo.  -26. — This  staphylococcus  was  one  of  S.74S  colonies  which  grew  on  our  ! 
agar  plates,  planted  from  a dry  point  of  manufacturer  Xo.  9.  1 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  is  slightly  acid  in  litmus  milk;  does  not  liquen^  gelatine;  bouillon 
cloudy,  with  yellow  precipitate;  on  agar,  an  orange  moist  glistening,  growth;  on 
potato,  heavy  yellow  growth;  in  glucose  bouillon,  no  fermentation,  growth  ail  J 

through;  in  lactose  bouillon,  no  fermentation,  growth  all  through. 

Coccvji  Xo.  27. — This  staphylococcus  was  one  of  8,748  colonies  which  grew  on  our 
agar  plates,  planted  from  a dry  point  of  manufacturer  27o.  9. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  slight  acid  production  in  litmus  milk;  does  not  liquefy  gelatine:  in 
bouillon,  heavy  white  pelhcle,  with  precipitate;  on  agar,  an  orange-yellow  moist 
glistening  growth;  on  potato,  a yellowish  granular  growth;  no  fermentation,  cloudy 
all  through,  in  glucose  bouillon;  and  in  lactose  bouillon  there  is  no  fermentation, 
but  the  bouillon  is  cloudy  all  through. 

Coccus  Xo.  -28. — This  staphylococcus  was  one  of  12,972  colonies  which  grew  on  our 
agar  plates,  planted  from  a dry  point  of  manufacturer  2s  o.  9. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  litmus  milk  there  is  a strong  acid  production,  coagulation,  and  a 
precipitate  of  casein;  rapidly  liquefies  gelatine;  in  bouillon,  cloudy  with  yellow 
precipitate;  on  agar,  an  orange  moist  ghstening  growth;  on  potato,  a heavy  yellow 
growth;  in  glucose  bouillon,  no  fermentation,  but  cloudy  all  through:  in  lactose 
bouillon,  no  fermentation,  cloudy  all  through. 

Coccus  Xo.  29. — This  staphylococcus  was  one  of  43  colonies  which  grew  on  our  agar 
plates,  planted  from  a tube  of  manufacturer  2s  o.  9. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  htmus  milk,  a strong  acid  production,  coagulation,  and  precipi- 
tate of  casein;  very  rapidly  liquefies  gelatine;  bouillon  shghtly  cloudy  with  yellow 
precipitate;  on  agar,  an  orange-yellow  moist  gh.stening  growth;  on  potato,  yellowish 
slowly  spreading  growth;  in  glucose  bouillon,  no  fermentation,  but  growth  all* 
through;  in  lactose  bouillon,  no  fermentation,  but  growth  all  through. 
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Coccus  Xo.  30. — This  staphylococcus  was  one  of  81  colonies  which  grew  on  our  agar 
plates,  planted  from  a tube  of  manufacturer  Xo.  9. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  acid  production  in  litmus  milk;  liquefies  gelatine  very  slowly;  in 
bouillon,  slightly  cloudy,  with  yellow  precipitate;  on  agar,  a yellowish  browm  moist 
glistening  growth;  on  potato,  yellowish  slowly  spreading  growth;  in  glucose  bouillon, 
no  fermentation,  growth  all  through;  in  lactose  bouillon,  no  fermentation,  but 
growth  at  bend  of  tube. 

MANUFACTURER  NO.  10. 


Number  of  organi.sms  found. 

Dry  points. 

Glycerinated  ^drus. 

7 

14 

15 

17 

None  examined. 

21 

22 

00 

31 

31  (Coc.  31.) 
53 

This  glycerinated  virus  was  labeled  by  the  manufacturer  to  be  good 
until  Januarv  1,  1903,  and  was  planted  December  1,  1902. 

The  following  organisms,  resembling  the  pyogenic  cocci,  were 
isolated: 

Coccus  Xo.  31. — This  staphylococcus  was  one  of  31  colonies  which  grew  on  our 
agar  plates  planted  from  a tube  of  manufacturer  Xo.  10. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  litmus  milk,  produces  alkali  with  light  yellow  precipitate; 
does  not  liquefy  gelatine;  bouillon  clear,  with  some  yellow  precipitate;  on  agar,  a 
heavy  yellow,  shiny  growth;  on  potato,  a scanty  yellow  growth;  in  glucose 
bouillon,  no  fermentation,  but  slightly  cloudy  at  bend  of  tube;  in  lactose  bouillon, 
no  fermentation,  slightly  cloudy  at  bend  of  tube. 


MANUFACTURER  NO.  11. 


Number  of  organisms  found. 

Dry  points. 

Glycerinated  \drus. 

; 283  (Coc.  32.) 

324 

333  (Coc.  33.) 
684 
728 
3,696 
9, 072 

24,360  (Coc.  34.) 
29, 145 
44, 000 

1 - - 
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These  points  had  no  date  at  all.  They  were  planted  Xovember  19. 
1902. 

The  following  organisms  resemlDling  the  pyogenic  cocci  were  isolated: 

Coccus  Xo.  32. — This  staphylococcus  was  one  of  283  colonies  which  grew  on  our 
agar  plates,  planted  from  a dry  point  of  manufacturer  Xo.  11. 

The  staphylococcus  stauis  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  litmus  milk  there  is  a slight  acid  production,  coagulation,  and  a 
jDreci pirate  of  casein;  rapidly  liquefies  gelatine;  in  bouillon,  slightly  cloudy,  with 
some  yellow  precipitate;  on  agar,  orange  yellow  granular  growth;  on  potato,  yellow 
granular  spreading  growth;  in  glucose  bouillon,  no  fermentation,  growth  at  bend  of 
tube;  in  lactose  bouillon,  no  fermentation,  growth  all  through  tube. 

Coccus  Xo.  33. — This  staphylococcus  was  one  of  333  colonies  which  grew  on  our 
agar  plates,  j)lanted  from  a dry  point  of  manufacturer  Xo.  11. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  strong  acid  production  in  litmus  milk;  does  not  liquefy  gelatine;  in 
bouillon,  shghtly  cloudy,  with  some  white  precipitate;  on  agar,  a white  shiny  growth; 
on  potato,  nearly  inyisible  white  growth;  in  glucose  bouillon,  no  fermentation,  slight 
growth  at  bend  of  tube;  in  lactose  bouillon,  slight  growth  at  bend  of  tube. 

Coccus  Xo.  34- — This  staphylococcus  was  one  of  24,360  colonies  which  grew  on  our 
agar  plates,  planted  from  a dry  point  of  manufacturer  Xo.  11. 

The  staphylococcus  stains  by  Gram’s  method;  does  not  produce  indol  in  a 24-hour 
bouillon  culture;  in  litmus  milk  there  is  a strong  acid  production,  coagulation,  and 
precipitate  of  casein;  slowly  liquefies  gelatine;  bouillon  is  cloudy,  with  heavy  white 
precipitate;  on  agar,  a whitish  yellow,  shiny  moist  growth;  on  potato,  yellow  growth 
with  white  border;  in  glucose  bouillon,  no  fermentation,  growth  all  through  tube;  in 
lactose  bouillon,  no  fermentation,  growth  all  through. 
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SUMMARY  OF  SERIES  III. 

November  and' December,  1902. 


Number  of  organisms  found. 


Dry  points. 

Glycerinated  virus. 

0 

1,204 

0 

9 

0 

1,399 

0 

10 

1 

1,452 

0 

10 

1 

1,800 

1 

11 

2 

1,847  j 

1 

11 

o 

O 

1,946  i 

2 

11 

3 

2, 074  1 

2 

12 

o 

O 

2, 244  i 

2 

13 

o 

O 

2,  246 

2 

13 

3 

2, 584  . 

2 

14 

5 

2,  912 

2 

14 

5 

3,  696 

2 

15 

5 

3,  754 

2 

16 

6 

5,  952 

2 

16 

7 

7, 465 

2 

16 

11 

7, 632 

3 

17 

21 

7,560 

3 

19 

31 

7,  980 

3 

19 

48 

8, 702  i 

3 

20 

67 

8,748  . i 

3 

21 

243 

8,  748 

4 

22 

262 

9, 072  1 

4 

22 

283 

9, 744  1 

4 

25 

324 

10,022 

4 

31 

333 

10,265  1 

4 

31 

420 

10, 982 

4 

31 

424  ' 

11, 020 

4 

37 

452 

12,  923 

4 

41 

465 

12, 972 

5 

43 

475 

15,  552 

5 

47 

479 

19, 872 

5 

53 

105 

526 

24, 360 

5 

70 

112 

576 

25, 574  1 

5 

70 

113 

604 

26, 411  1 

6 

77 

152 

684 

29, 145  . 

81 

230 

728 

31,380  i 

1 

6 

85 

239 

810 

44, 000  ’ 

6 

87 

236 

853 

7 

95 

868 

i 

7 

887 

7 

1,088 

7 

1,156 

8 

1,199 

9 

i 

9 

i 

Number  points  examined. . 80 

Number  tubes  examined 89 

Total  bacteria — 

391,603 

Total  bacteria 

2,592 

Average  per  point 4, 895 

Average  per  tube 

29 

DRY  POINTS  AND  GLYCERINATED  VIRUS  COOTARED  FROM  A BACTERIO- 
LOGICAL STANDPOINT. 

The  question  is  often  asked.  Is  glycerinated  virus  superior  to  dry 
points? 

As  the  object  of  glycerinating  the  virus  is  to  eliminate  the  foreign 
bacteria,  the  answer  to  this  question  resolves  itself  almost  entirely 
into  a comparative  study  of  the  number  and  kind  of  organisms  found 
to  contaminate  this  kind  of  vaccine. 

The  result  of  our  studies  on  this  point  may  be  summarized  as 
follows : 


Series. 

A Average  number  of 
organisms. 

Dry  points. 

Glycerinated 

rims. 

Series  I,  Avinter,  1901-2 

4, 809 

4, 698 
1,058 
29 

Series  II,  spring,  1902 

Series  III,  Avinter.  1902-3  

3, 4.58 

4, 895 

It  is  plain  that  last  winter  (Series  I)  the  glycerinated  virus  contained 
a number  of  contaminating  bacteria  equal  in  amount  to  the  dry  points. 
This  winter  (Series  III)  shows  a great  improvement  in  the  glycerinated 
'vdrus  and  demonstrates  conclusive!}’  that  this  form  of  vaccine  may  be, 
and  should  be  freer  from  impurities  than  the  dry  points. 

Of  course  the  greater  freedom  from  bacterial  impurities  of  the 
glycerinated  virus  to  the  dry  points  refers  only  to  those  dry  points 
made  with  fresh  *Tymph."  There  can  be  little  choice  between  the  dry 
points  made  with  glycerinated  pulp  and  the  capillary  tubes  containing 
the  same  material. 

The  pyogenic  cocci  and  other  bacteria  pathogenic  for  laboratory 
animals  were  found  both  in  the  glvcerinated  virus  and  on  the  drv 
points. 

EXPERIMENTAL  TETANUS  IN  VACCINE  VIRUS. 

Can  tetanus  be  found  in  the  vaccine  virus  bought  in  open  market  ? 

'Many  tubes  containing  glycerinated  virus  and  many  points  of  the 
dry  vaccine  were  examined  bacteriologically  for  tetanus,  but  we  were 
unable  to  discover  this  organism. 

This  part  of  the  work  was  done  in  several  ways.  Susceptible  ani- 
mals were  inoculated  and  vaccinated  with  the  contents  of  many  tubes 
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and  dry  points.  Sometimes  the  total  contents  of  10  or  12  tubes  ^vere 
injected  subcutaneously  into  guinea  pigs  or  mice.  In  another  series 
the  virus  from  ivory  points  or  capillary  tubes  was  planted  in  fresh 
broth  and  grown  anaerobicallv.  and  the  resulting  growth  studied  for 
end-spore-forming  rods  and  also  inoculated  into  animals.  In  no  case 
was  an  organism  or  were  symptoms  resembling  tetanus  found. 

While  these  results  were  most  gratif  ving.  thev  must  not  be  taken  as 
conclusive  that  tetanus  may  not  sometimes  contaminate  vaccine  virus, 
although  from  our  studies  this  must  be  exceedingly  rare.  Tetanus 
organism  can  not  grow  or  produce  its  toxin  either  in  the  glycerinated 
virus  or  on  the  dry  points.  It  would  take  gross  carelessness  to  con- 
taminate the  vaccine  with  a sufficient  number  of  tetanus  spores  to 
carry  the  disease  to  those  vaccinated. 

It  is  not  a matter  of  surprise  that  some  outbreaks  of  tetanus  have 
occurred  when  thousands  of  open  wounds  are  presented  for  the  recep- 
tion of  this  infection  so  widely  distributed  in  nature.  Local  outbreaks 
or  small  epidemics  of  tetanus  have  been  known  before  the  days  of 
antiseptics,  due  to  causes  so  well  understood  nowadays,  and  it  seems 
more  likely  that  carelessness  in  the  dressing  or  handling  of  the  wound, 
the  pernicious  use  of  shields,  or  faulty  technique  in  performing  the 
operation  has  introduced  the  tetanus  spores,  than  that  they  were  con- 
tained in  the  vaccine  virus. 

Wost  of  the  following  work  on  tetanus  was  done  under  mv  direction 
by  Dr.  Edward  Francis,  and  it  is  a pleasure  to  acknowledge  the  care 
and  faithfulness  with  which  he  carried  out  all  the  exacting  details. 

VIABILITY  OF  TETAXUS  IX  VACCIXE  VIBES. 

Can  tetanus  live  and  grow  in  vaccine  virus  ? 

In  order  to  answer  this  question  we  contaminated  vaccinal  serum 
and  the  glycerinated  pulp  with  tetanus  spores.  The  serimi  was  dried 
upon  ivory  points  and  the  glycerinated  pulp  was  conserved  in  capillary 
tubes  in  a manner  similar  to  the  methods  now  used  by  the  manufactur- 
ers. From  time  to  time  these  points  and  tubes  were  examined. 

For  the  purposes  of  these  experiments  it  was  thought  best  to  use  a 
pure  culture  of  tetanus  for  one  series  of  experiments  and  for  another 
series  to  use  a mixed  culture  composed  of  tetanus,  a coccus,  and  a 
motile,  spore-bearing,  saprophytic  rod.  as  representing  more  nearly 
the  natural  conditions  under  which  tetanus  would  be  found  to  gain 
entrance  into  vaccine. 

The  pure  culture  of  tetanus  used  in  these  experiments  was  taken 
from  our  laboratory  stock  culture.  It  was  planted  into  ordinary 
bouillon  on  March  2 and  grown  anaerobically  in  a 2sovy  jar  at  37^  for 
seven  days,  when  it  contained  abundant  spores. 

VIEELEXCE  OF  THE  TETAXES  CELTERE  ESED. 

In  order  to  determine  the  virulence  of  the  pure  culture  of  tetanus 
used  it  was  tested  in  vliite  mice,  with  the  following  results.  Each 
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quantity  of  pure  bouillon  culture  indicated  was  inoculated  into  the 
rio’ht  side  of  a mouse. 

o 


( 

' Mouse. 

1 

1 

Quantity  ol  , 
tetanus 
culture 
injected  on 
March  9. 

! 

1 

c.  c. 

0. 000065 

2 

. 0000-19 

3 

. 000039 

1 4 

. 000032  1 

5 

. 000028  1 

6 

. 000024 

" 

. 000021 

On  March  10  the  three  mice  which  had  received  the  largest  doses 
showed  typical  s^^mptoms  of  tetanus,  while  the  four  mice  which  had 
received  the  smallest  doses  showed  no  symptoms. 

On  March  11  the  mouse  which  received  the  largest  dose  was  dead. 
The  second,  third,  fourth,  fifth,  and  sixth  showed  typical  symptoms 
of  tetanus,  while  the  seventh,  which  received  the  smallest  dose,  gave 
no  symptoms  whatever  of  tetanus. 

On  March  12  mice  2 and  3 were  dead;  4,  5,  6,  and  T show  typical 
tetanus. 

On  March  13  mice  4,  5,  and  6 were  dead;  T shows  t}"pical  tetanus. 

On  March  14  mouse  T died. 


Table  shouing  virulence  of  the  tetanus  culture  used  in  these  experiments. 


Mouse. 

March  9. 

March  10. 

March  11. 

March  12. 

March  13. 

March  14. 

1 

c.  c, 

0. 000065 

Typical 

tetanus. 

Dead. 

2 

. 000049 

do 

Typical 

tetanus. 

Dead. 

3 

. 000039 

do 

do 

Do. 

4 

. 000032 

Negative  . 

do 

Typical 

tetanus. 

Dead. 

5 

. 000028 

do 

do 

do 

Do. 

6 

. 000024 

do 

do 

do 

Do. 

7 

. 000021 

do 

Negative  . 

do 

Typical 

tetanus. 

Dead. 

1 

From  these  tests  we  considered  0.000021  c.  c.  to  constitute  about  the 
minimum  fatal  dose  of  our  culture  for  an  average-sized  white  mouse. 

VIABILITY  OF  A PUEE  CULTURE  OF  TETANUS  IN  GLYCERINATED  VACCINE  VIRUS. 

The  vaccine  pulp  was  taken  from  the  heifer  on  February  15  and 
subjected  to  the  action  of  glj^cerin  by  the  vaccine  manufacturer  for 
twenty-five  da\^s.  It  was  then,  on  March  12,  obtained  b}"  us  and  con- 
taminated with  our  pure  culture  of  tetanus  in  the  following  manner: 
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We  aimed  to  imitate  as  closely  a.^  possible  the  ordinary  conditions 
under  which  we  find  glycerinated  vaccine  on  the  market.  So  we 
drew  out  in  the  flame  a large  number  of  capillary  tubes  of  the  length 
and  caliber  ordinarih^  used  by  manufacturers  to  contain  material  sutfi- 
cient  for  one  vaccination.  Definite^  measured  amounts  of  the  pure 
culture  of  tetanus  were  added  to  large  drops  of  the  glycerinated  virus, 
and  this  mixture  was  drawn  up  into  the  small  capillar}^  tubes,  which 
were  hermeticall}?'  sealed  in  the  usual  manner.  In  this  way  we  had  an 
accurate  gauge  of  the  exact  amount  of  tetanus  put  into  each  capillary 
tube. 

These  tubes  were  filled  with  the  glycerinated  virus  and  tetanus 
spores  on  March  12.  Each  capillary  tube  contained  one  drop  of  glyc- 
erinated virus  plus  the  following  amounts  of  tetanus  culture: 

[.000021 =MLD,  miniinal  lethal  dose.] 

First  series  =0.000055  c.  c.  (about  MLD). 

Second  series  .00011  c.  c.  (about  5 MLD). 

Third  series  .00022  c.  c.  (about  10  MLD). 

Fourth  series  .00040  c.  c.  (about  20  MLD). 

Fifth  series  .00074  c.  c.  (about  40  MLD). 

Sixth  series  .013  c.  c.  (about  500  MLD). 

The  capillary  tubes  were  tested  immediately  in  mice  as  a control 
and  then  placed  in  the  cool  chamber  at  20^-22°  C.,  protected  from 
light,  and  again  tested  at  intervals  in  mice  and  in  cultures,  as  indi- 
cated in  the  following  tables: 

Capillary  tubes  containing  0.000055  c.  c.  of  tetanus  culture  added  to  glycerinated  virus, 

March  12,  and  tested  at  irdercals  as  shown. 


[P=positive,  i.  e.,  sj'mptoms'of  tetanus;  N=negative,  i.  e.,  no  .symptoms;  f=death.] 


We  see  from  this  series  that  the  tetanus  spores  neither  multiplied  nor 
produced  toxin.  In  fact,  they  gradually  lost  virulence.  Each  capil- 
lary tube  in  this  series  of  experiments  contained  approximately  two 
and  a half  times  the  minimal  lethal  dose  of  the  tetanus  culture.  It 


t 9 

will  be  noted  that  the  virulence  beg’an  to  diminish  noticeably  at  the  i 
fourth  month  and  failed  to  produce  tetanus  after  the  lapse  of  live  | 
months. 


Capillary  tubes  containing  0.00011  c.  c.  of  tetanus  culture  added  to  glycerinated  virus, 

March  12,  and  tested  at  inten'als  as  shown. 


1 Date 
prepared. 

! 

Inocu- 

lated 

into 

mice. 

Num- 

ber 

of 

days. 

Symptoms. 

1st 

day. 

2d  3d 
day.  day. 

4tb  5th  6th  7th  8th 
da}’,  day.  day.  day.  day. 

9th 

day. 

Result. 

10th 

day. 

, Mar.  12  . . 

June  17 

97 

N 

P P 

Positive:  death. 

' Do... 

Aug.  28 

169 

N 

N N 

X 

Negative. 

Do... 

Sept.  3 

1 75 

X 

N X 

X 

Do. 

Do... 

Sept.  9 

ISl 

N 

X X 

X 

1 

Do. 

The  series  contained  approximately  live  times  the  minimal  fatal  dose 
of  tetanus.  It  was  first  tested  after  the  lapse  of  three  months,  when 
it  was  still  virulent:  but  after  seven  months  it  had  entirely  lost  its 
power  of  producing  the  disease  when  inoculated  directh^  into  mice, 
Evidently  the  tetanus  spores  did  not  germinate  or  produce  toxin. 


Ca'pillary  tubes  containing  0.00022  c.  c.  of  tetanus  culture  added  to  glycerinated  virus, 

March  12,  and  tested  at  intervals  as  shown. 


Date 

pre- 

pared. 

Inocu-  Xum- 
lated  her 

into  of 

mice.  days. 

Symptoms. 

Result. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

’ 

5th 

day. 

6th 

day. 

7 th 
day. 

8th 

day. 

9th 

day. 

10th 

day. 

Mar.  12 

Sept.  1 173 

X 

X 

P 

P 

P 

P 

P 

P 

P 

P 

Positive;  recovered.  \ 

Do... 

Oct.  1 203 

Is 

P 

P 

P 

P 

P 

Do. 

Do.. 

Xov.  15  248 

X 

P 

P 

P 

P 

P 

P 

Do. 

Do... 

Jan.  1 295 

X 

Negative. 

This  series  was  contaminated  with  ten  times  the'  minimal  fatal  dose,  j 
In  this  large  Cjuantity  the  spores  maintained  their  toxicity  a very  long 
time — two  hundred  and  forty-eight  days — although  they  failed  to  pro-  ;; 
duce  the  disease  after  ten  months. 


Cajjillary  tubes  containing  O.OOO4O  c.  c.  of  tetanus  culture  added  to  glycerinated  virus, 

March  12,  and  tested  at  intervals  as  shown. 


Date 

pre- 

pared. 

1 

1 

Inocu-  Xum- 
latea  her 

into  of 

mice.  days. 

Symptoms. 

Result. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

Mar.  12 

Sept.  1 173 

X 

P 

P 

P 

P 

P 

P 

P 

P 

T 

Positive;  death. 

Do.., 

Oct.  1 203 

X 

P 

P 

P 

P 

P 

P 

P 

P 

p 

Positive;  recovered. 

Do... 

Xov.  15  248 

X 

X 

P 

P 

P 

P 

P 

P 

P 

p 

Do. 

Do... 

Jan.  1 295 

X 

Negative. 
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Each  capillaiy  tube  in  this  series  contained  about  twent}^  times  the 
minimal  fatal  dose  of  tetanus,  which  lost  its  virulence  after  ten 
months. 

Capillary  tubes  containing  0.00074  c.  c.  of  tetanus  culture  added  to  glycerinated  virus, 

March  12,  and  tested  at  intervals  as  shovn. 


Date 

pre- 

pared. 

Inocu- 

lated 

into 

mice. 

Num- 
ber of 
days. 

Symptom.s. 

Result. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th  10th 
day.  day. 

:Mar.  12 

Sept.  1 

173 

P 

P 

t 

Positive:  death. 

Do... 

Oct.  1 

203 

P 

P 

P 

P 

P 

P 

P 

P 

P t 

Do. 

Do... 

Xov.  15 

248 

P 

P 

J. 

Do. 

Do... 

Jan.  1 

295 

P. 

P 

Do. 

Do... 

Feb.  1 

326 

N 

P 

Do. 

Do... 

Mar.  2 

355 

X 

P 

i 

Do. 

It  will  be  seen  that  this  large  amount  of  tetanus  (about  forty  times 
the  minimal  fatal  dose)  remained  alive  and  virulent  in  glycerinated 
virus  one  year. 


Capillary  tubes  containing  0.013  c.  c.  of  tetanus  culture  added  to  glycerinated  virus,  March 

12,  and  tested  at  intervals  as  shown. 


Date 

pre- 

pared. 

Inocu- 

lated 

into 

mice. 

Num- 
ber of 
days.. 

Mar.  12 

Sept.  1 

173' 

Do... 

Oct.  1 

^03 

Do... 

Nov.  15 

248 

Do... 

Jan.  1 

295 

Do... 

Feb.  1 

326 

Do... 

Mar.  2 

355 

Symptoms. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

P 

P 

P 

P 

P 

N 

t 

t 

t 

t 

t 

P 

t 

Result. 


Positive;  death. 
Do. 

Do. 

Do. 

Do. 

Do. 


This  large  amount  (about  500  X MLD)  has  also  remained  alive  and 
virulent  for  mice  one  year.  The  material  is  not  yet  exhausted,  and 
will  be  tested  from  time  to  time. 


VIABILITY  OF  PURE  CULTURE  OF  TETAXUS  OX  DRY  POIXTS. 

The  serum  which  exuded  from  the  site  of  the  inoculation  after  the 
superficial  Wers  of  the  variolous  eruption  was  removed  was  obtained 
from  a calf  on  March  12,  1902.  This  serum,  commonly  called 
lymph,”  when  dipped  or  brushed  upon  the  ivory  points  and  allowed 
to  dry,  formerly  constituted  the  “dry  points”  of  the  manufacturers. 
At  present  some  diy  points  are  made  with  glycerinated  virus  alone  or 
with  glycerinated  pulp  mixed  with  blood  serum  and  in  other  wa}"s. 
We,  however,  preferred  to  use  the  “lymph”  or  serum,  as  it  seemed  to 
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offer  a more  favorable  medium  for  preserving  the  vitalit}-  of  the 
tetanus  spores. 

The  sterile  ivory  points  were  prepared  in  the  usual  manner  with 
the  vaccinal  serum  but  contaminated  with  definite  measured  amounts 
of  tetanus  culture. 

Each  point  of  the  first  series  contained  0.00012  c.  c.  of  pure  bouillon 
culture  of  tetanus;  each  point  of  the  second  series  contained  0.0002 
c.  c.  of  pure  bouillon  culture  of  tetanus;  each  point  of  the  third  series 
contained  0.0004  c.  c.  of  pure  bouillon  culture  of  tetanus;  each  point 
of  the  fourth  series  contained  0.001  c.  c.  of  pure  bouillon  culture  of 
tetanus. 

These  were  allowed  to  diw  in  the  usual  manner  and  kept  in  the  cool 
chamber  at  20°-22°  C.,  well  protected  from  the  light.  These  points 
were  tested  at  intervals  on  mice  and  in  cultures  as  shown  in  the 
following  tables: 


Dry  points  containing  vaccine  serum  lymph’^)  ivere  contaminated  with  0.00012  c.  c.  of 
tetanus  culture  and  kept  at  22°  C.  in  the  dark.  From  time  to  time  they  were  tested,  ivith 
the  following  result: 


Date  pre- 
pared. 

Inocu- 

lated 

into 

mice. 

Num- 

ber 

of 

days. 

Symptoms. 

Result. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th  7th 
day.  day. 

8th 

day. 

9th 

day. 

10th 

day. 

Mar.  12 

Do 

May  28 
June  17 
June  27 

77 

107 

117 

N 

N 

N 

Negative. 

Do. 

Do. 

Do 

! . 

It  will  be  seen  that  a quantity  of  tetanus  spores  equal  to  five  times 
the  minimal  lethal  dose  lost  its  toxicity  for  mice  within  seventy-seven 
days.  The  spores,  however,  were  not  dead,  for  these  points  planted 
in  bouillon  and  grown  anaerobically  in  a Nov}^  jar  for  one  week  gave  a 
culture  rich  in  end  spore-bearing  rods,  which  caused  typical  tetanus  in 
a mouse  in  doses  of  0.001  c.  c. 


Dry  points  containing  vaccine  serum  {^'lymph^’)  ivere  contaminated,  with  0.0002  c.  c.  of 
tetanus  culture  and  kept  at  22°  C.  in  the  dark.  From  time  to  time  they  were  tested,  with 
thefollowi ng  result: 


Date  pre- 
pared. 

Inocu- 

lated 

into 

mice. 

Num- 

ber 

of 

days. 

SjTuptoms. 

Result. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

daj'. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

Mar.  12  . . 
Do 

May  28  . 
June  17. 
June  27  . 

/ / 
107 
117 

N 

N 

N 

Negative. 

Do.' 

Do.  I 

Do 

These  points,  containing  approximately  ten  times  the  minimal  fatal 
dose  of  tetanus,  apparenth"  soon  lost  their  virulence  when  inoculated 
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directly  into  mice.  But  when  grown  anaerobically,  as  above,  the 
spores  multiplied  and  regained  their  pathogenic  power. 


Dry  points  containing  vaccine  serum  lymph”)  ivere  contaminated  ivith  0.0004  c.  c.  of 
, tetanus  cidture  and  kept  cd  22°  C.  in  the  dark.  From  time  to  time  they  were  tested,  with 
the  following  result: 


Date 

pre- 

pared. 

Inocu- 

lated 

into’ 

mice. 

3 5^0  S' 

Symptoms. 

Result. 

1st. 

day. 

2d 

day. 

3d 

day. 

4tli 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

‘ 

10th 

day. 

■ 

Mar.  12 
Do... 
Do... 

May  28 
June  17 
June  27 

77 

107 

117 

P 

X 

N 

P 

P 

P 

P 

P 

P 

P 

P 

P 

Positiye;  recoyered. 
Xegatiye. 

Do.. 

This  series  of  diy  points,  contaminated  with  about  fort}-  times  the 
minimal  dose  of  tetanus,  remained  virulent  over  sevent3^-seven  davs, 
but  failed  to  produce  sjunptoms  after  one  hundred  and  seven  da3’s. 
The  spores,  however,  were  not  dead;  for,  planted  in  bouillon  and' 
grown  in  a Novy  jar  for  seven  davs,  the}'  gave  a rich  culture,  which 
produced  typical  symptoms  of  tetanus  in  a mouse. 


Dry  points  containing  vaccine  serum  lymph”)  ivere  contamincdecl  with  0.001  c.  c.  of 
tetanus  cidture.  From  time  to  time  they  were  tested,  with  the  following  result: 


Date  pre- 
pared. 

• 

Inocu- 

lated 

into 

mice. 

X’um- 

ber 

of 

days. 

Symptoms. 

Result. 

1st. 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

TMar  12 

May  “18 

P 

t 

Positiye;  death. 

Do 

■Tirne  27 

107 

P 

' P 

t 

Do. 

Do 

.Aue".  1 

142 

9 

P 

P 

P 

P 

t 

Do. 

Do 

Aug.  28 

169 

X 

P 

t 

Do. 

Do 

Sept.  .30 

202 

hr 

P 

Positiye. 

’ Do 

Xoy.  15 

248 

p 

P 

P 

P 

P 

P 

P 

P 

P 

t 

Positiye;  death. 

Do 

Jan.  1 

295 

X 

X 

P 

P 

P 

P 

P 

P 

t 

Do. 

Do 

Feh.  1 

336 

X 

Xegatiye. 

The  large  amount  of  tetanus  in  this  series  of  points  remained  viru- 
lent, when  direct!}'  inoculated  into  mice,  for  a period  of  two  hundred 
and  ninety-five  days.  This  shows  well  the  long  life  of  dried  tetanus 
spores  ^hen  kept  in  a cool  place,  protected  from  the  light — that  is« 
under  the  conditions  under  which  vaccine  virus  is  usually  conserved. 


VIABILITY  OF  TETANUS  IN  MIXED  CULTURE  IN  GLYCERINATED  VIRUS. 

In  the  following  experiments  we  used  very  small  quantities  of  a 
culture  of  tetanus  mixed  Avith  other  organisms,  viz,  a coccus  and  a 
saprophytic  motile  rod  with  a central  spore.  This  mixture  was  planted 
into  ordinary  bouillon  April  1 and  incubated  at  37^  C.  in  a NoA'y  jar 
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for  two  weeks.  The  resulting  growth  was  then  tested  on  mice  to  deter-  | 
mine  its  virulence.  Each  of  two  mice  were  given  0. 00002  of  the  culture,  j 
Both  animals  took  the  disease.  The  one  died  in  eight  da^^s;  the  other 
recovered.  One  month  later,  viz,  May  28,  two  more  mice  were  inoc-  j 
ulated  with  an  equal  amount  of  the  same  culture,  and  both  died.  This  i 
amount  was,  therefore,  considered  to  represent  approximate!}’  the 
minimal  fatal  dose,  and  was  used  to  contaminate  the  vaccine  virus. 

The  glycerinated  virus  of  two  manufacturers  was  bought  in  the  : 
open  market.  With  the  mixed  tetanus  culture  we  prepared  an  arti- 
licial  contamination  of  both  these  viruses  and  sealed  them  hermetically 
in  small  capillary  tubes.  By  means  of  dilution  each  capillary  tube 
was  made  to  contain  just  0.00002  c.  c.  of  the  tetanus  culture  in  addi- 
tion to  a large-sized  drop  of  the  glycerinated  virus. 

These  tubes  were  kept  at  20^-22°  C.  in  a dark  place  and  tested  from 
time  to  time. 


Glycerinated  virus  {manufacturer  Xo.  ^4)  contaminated  with  0.00002  c.  c.  of  a mixed  culture 

of  tetanus. 


Date 

pre- 

pared. 

Inocu- 

lated 

into 

mice. 

Xum- 

Sjunptoms 

Result. 

ber 

A 1st 

days. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

Apr.  30 

Apr.  30 

0 P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

Po.sitiye:  recoyered. 

Do.. 

May  28 

28  X 

Xegatiye. 

Do.. 

June  17 

48  X 

Do. 

Do.. 

June  27 

58  X 

Do. 

w e see  from  this  table  that  one  montlrs  action  of  the  glycerinated 
virus  reduced  the  virulence  of  the  tetanus  which  it  contained  to  a ! 
point  where  it  no  longer  produced  any  symptoms  on  mice. 

A comparison  of  the  table  above  with  the  control  which  immediately  / 
precedes  it  indicates  strikingly  the  attenuating  power  of  the  glvcerin- 
ated  virus  in  this  instance.  Observe  that  on  Mav  28  the  glvcerinated 
tube  produced  no  symptoms  of  tetanus,  while  the  two  control  tests 
made  on  the  same  date  both  proved  typical  tetanus.  Whether  the 
virus  had  killed  the  tetanus  or  merely  diminished  its  virulence  was 
determined  by  planting  on  July  8 six  of  the  tubes  each  into  a separate 
cubic  centimeter  of  bouillon  and  growing  it  under  anaerobic  conditions  i 
for  one  week.  At  the  end  of  this  time  we  tested  the  growth 'in  mice  j 
and  were  surprised  to  find  that  three  of  the  tubes  when  injected  into  j 
mice  caused  no  sickness  whatever,  while  the  other  three  tubes  pro-  ; 
duced  typical  symptoms  of  tetanus  in  mice.  . | 

We  conclude  that  the  glycerinated  virus  killed  the  tetanus  entirely 
in  some  of  the  tubes  in  two  months  and  that  if  it  had  been  allowed  to 
act  longer  on  the  other  tubes  they,  too,  probably  would  have  contained 
no  living  tetanus. 
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Glycerinated  virus  {manufacturer  Xo.  B)  contaminated  ivith  0.00002  c.  c.  of  a mixed  culture 

of  tetanus. 


This  table  shows  that  after  August  28  the  tubes  failed  to  produce 
tetanus  in  the  mice.  Therefore,  on  September  30,  we  subjected  the 
remaining  two  tubes  to  cultivation  in  bouillon  for  one  week  and  found 
that  in  one  of  the  tubes  the  tetanus  was  still  alive,  for  the  growth 
showed  rods  bearing  end  spores  and  produced  typical  tetanus  in  mice. 

In  the  other  tubes  there  was  no  growth  of  tetanus. 

A comparison  of  these  two  tables  shows  that  make  No.  B of  glycer- 
inated virus  required  four  months  to  attenuate  the  same  amount  of 
tetanus  which  make  No.  A attenuated  in  one  month  and  killed  completely 
in  two  months.  This  fact  led  to  a study  of  the  comparative  effects 
of  the  different  percentages  of  pure  glycerin  on  the  tetanus  organism 
and  its  toxin.  This  study  will  be  reported  upon  later. 

VIABILITY  OF  TETANUS  IN  MIXED  CULTUEE  ON  DRY  POINTS. 

The  same  mixed  culture  of  tetanus  used  in  the  two  preceding  experi- 
ments was  also  used  to  contaminate  dry  points.  The  tips  of  the 
sterilized  ivory  points  were  dipped  into  vaccine  serum  freshly  obtained 
from  the  calf.  To  each  point  was  then  immediately  added  a definite 
measured  amount  of  the  tetanus  culture.  The  points  were  allowed  to 
dry  in  the  air  and  kept  in  a cool  (20°-22^  C.),  dark  place  until  tested. 

To  contaminate  the  first  series  0.001  c.  c.  of  the  tetanus  culture  was 
used;  0.0004  c.  c.  of  the  tetanus  culture  was  used  to  contaminate  the 
second  series;  0.0002  c.  c.  of  the  tetanus  culture  was  used  to  contami- 
nate the  third  series;  0.00012  c.  c.  of  the  tetanus  culture  was  used  to* 
contaminate  the  fourth  series. 
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Series  of  dry  2joints  containing  various  amounts  of  mixed  culture  of  tetanus,  prepared 

June  2. 


Amount  of 
tetanus 
culture. 

- 

Inoculated  into 
mice. 

Result. 

c.  c. 

0. 001 

June  17 

Remained  negative. 

June  27 

Do. 

.0004 

June  17 

Do. 

June  27 

Do. 

.0002 

June  17 

Do. 

June  27 

Do. 

. 00012 

June  17 

Do. 

June  27 

Do. 

Compare  this  table  with  the  control  experiments  on  page  28  and  we 
see  the  striking  attenuating  elf  ect  of  exposure  of  tetanus  on  dry  points. 

For  instance:  On  Ma^^  28  two  tests  of  the  control  culture  killed 
mice  with  typical  s}m:ptoms  of  tetanus;  whereas,  on  June  IT,  after  an 
exposure  of  two  weeks  on  dry  points,  doses  of  tetanus  which  repre- 
sented as  much  as  fifty  times  the  control  doses  had  been  rendered 
nontoxic  for  mice.  It  now  remained  to  determine  whether  the  tetanus 
on  the  point  was  dead  or  only  attenuated.  It  was  found  after  grow- 
ing a point  of  each  series  in  1 c.  c.  of  bouillon  for  one  week  that  the 
growth  showed  end-spore  bearing  organisms  in  microscopic  prepara- 
tions and  produced  typical  symptoms  of  tetanus  when  inoculated  into 
mice. 

Again,  on  October  d,  four  months  after  the  dry  points  were  pre- 
pared, specimens  from  series  O.OOOd.  0.0002,. and  0.00012  c.  c.  were 
planted  into  bouillon  and  grown  anaerobically.  The  culture  again 
contained  end  spore  bearing  organisms  which,  inoculated  into  mice, 
produced  F^pical  symptoms  of  tetanus.  The  tetanus  spores  on  the 
points  were  therefore  not  dead,  although  they  had  lost  their  viru- 
lence for  mice  VvFen  inoculated  directly. 

SUMMARY  AND  CONCLUSIONS. 

We  examined  the  vaccines  of  10  difierent  manufacturers  during  a 
period  of  more  than  a year. 

All  the  samples  examined  were  purchased  on  the  open  market,  care 
being  taken  to  biyv  unbroken  original  packages  from  reliable  pharma- 
cists who  keep  the  product  under  proper  conditions  of  light  and  tem- 
perature. With  a few  exceptions,  the  vaccine  was  examined  before 
the  time  limit  expired,  if  the  time  was  given  by  the  manufacturer. 

Of  190  dry  points  examined  we  found  an  average  of  1,351  bacteria 
per  point.  A number  of  these  points  contained  over  15,000  and  one 
as  high  as  11,000  organisms. 
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Of  244  tubes  of  glycerinated  virus  examined  we  found  an  average 
6f  1,742  bacteria  per  tube.  A number  of  these  capillaiw  tubes  con- 
tained over  10,000  bacteria  and  one  as  high  as  30,000.  This  is  of 
course  much  more  than  a carefully  prepared  glycerinated  virus  should 
contain. 

We  found  the  pus  cocci  and  other  bacteria,  pathogenic  for  labora- 
tory animals,  in  both  the  dry  points  and  the  ghmerinated  virus. 

We  have  demonstrated  that  some  of  the  gl}"cerinated  virus  marketed 
during  the  winter  of  1901-2  contained  an  excessive  number  of  bacteria, 
which  decreased  notably  after  a few  weeks,  indicating  the  sale  of  a 
“green”  or  unripe  product;  that  is  to  sa}^,  the  virus  was  not  glycer- 
inated a sufficient  length  of  time  before  it  was  sold. 

It  was  also  plain  from  our  studies  that  too  much  confidence  was 
placed  by  the  producers  in  the  germicidal  power  of  glycerin. 

The  excessive  impurities  found  in  some  of  the  glycerinated  virus 
upon  the  market  we  believe  was  largely  due  to  this  overconfidence  in 
the  germicidal  value  of  ghmerin;  operators  become  careless,  trusting 
to  the  glycerin  to  purify  their  product.  WeknoAvthat  glycerin  is 
too  feeble  in  its  properties  to  purif}^  vaccine  matter  which  has  initial 
contamination  such  as  our  work  indicates. 

After  we  called  attention  to  this  point  we  found  a marked  improve- 
ment in  the  glycerinated  virus  on  the  market.  For  instance: 

During  the  winter  of  1901-2  the  glycerinated  virus  contained  an 
average  of  4,698  bacteria  per  tube. 

In  the  spring  (April  and  May)  of  1902  the  average  fell  to  1,058 
bacteria  per  tube. 

This  winter  (November  and  December),  1902,  the  average  of  89 
tubes  examined  was  only  29  bacteria — maximum  239. 

Glycerinated  virus,  when  proper!}^  prepared  and  kept  a sufficient 
length  of  time,  is  freer  from  impurities  than  dry  points  made  with 
fresh  “lymph.” 

There^  is  practically  no  difi'erence  between  the  gh^cerinated  virus 
dried  upon  ivory  points  and  that  hermetically  sealed  in  capillary  tubes, 
so  far  as  bacteriological  impurities  are  concerned. 

It  will  be  seen  that  there  is  practically  no  vaccine  on  the  market 
free  from  bacterial  contamination,  although  the  product  of  some  man- 
ufacturers is  remarkably  pure. 

The  unevenness  of  the  purity  of  vaccine  as  marketed  by  some  man- 
ufacturers is  very  marked.  The  greater  contamination  of  the  vaccine 
during  the  winter  of  1901-2  may  be  accounted  for,  in  part,  b}"  the 
undue  haste  and  accompanying  carelessness  incidental  to  supplying 
the  increased  demand  for  vaccine  virus  at  that  period. 

W e have  examined  a great  number  of  dry  points  and  the  contents  of 
gl3'cerinated  tubes  for  tetanus,  but  have  been  unable  to  find  the 
organism  of  this  disease. 
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Tetanus  spores  may  live  a long  time  in  vaccine  virus.  We  have 
found  them  alive  and  virulent  on  diy  points  after  two  hundred  and 
ninety-five  days  and  in  giycerinated  virus  sealed  in  capillary  tubes 
three  hundred  and  fifty-five  days. 

Tetanus  ma}^  become  a contaminating  element  of  vaccine  before  it 
leaves  the  heifer.  During  the  period  of  three  to  five  days  which 
elapses  between  the  vaccination  of  the  heifer  and  the  removal  of  the 
virus  there  is  opportunity  for  tetanus  to  find  a lodgment  in  the  erup- 
tion on  the  heifer’s  body  surface,  provided  tetanus  is  present  in  the 
stall  or  stable  surroundings  of  the  animal. 

If  tetanus  reaches  the  heifer’s  vaccinated  area  it  may  contaminate 
both  the  ‘"dry  points,”  which  are  made  directly  from  the  “lymph,” 
and  also  the  vaccine  pulp,  which  the  manufacturer  subjects  for  a longer 
or  shorter  time  to  the  germicidal  action  of  glycerin  before  he  markets 
it  as  “giycerinated  virus.” 

Tetanus  added  to  gl}merinated  vaccine  virus  does  not  germinate 
when  kept  hermetically  sealed  and  under  anaerobic  conditions  in  small 
capillary  tubes.  It  gradually  loses  its  virulence  both  in  the  tubes  and 
on  the  ivory  points.  Although  the  virulence  is  lost,  the  tetanus  spores 
are  not  necessaril}"  dead;  for,  while  they  will  not  produce  sj^mptoms 
when  inoculated  directly  into  mice,  they  ma}’  be  revived  into  active 
virulent  cultures  b}"  growing*  in  fresh  bouillon  under  favorable  con- 
ditions. That  is  to  say,  the  vegetabilit}^  of  the  spore  remains  active 
long  after  it  has  lost  its  power  to  produce  the  disease  when  inoculated 
directly  into  mice. 

Therefore,  in  looking  for  tetanus  in  vaccine  virus  it  is  best  to  make 
cultures  first  and  study  the  growth  for  end  spore-bearing  rods  and 
then  test  the  elfects  of  the  culture  in  animals. 

The  spores  of  tetanus  lose  their  virulence  and  die  much  more  quickly 
in  the  vaccine  l}^mph  on  diy  points  than  in  the  giycerinated  tubes. 

The  vitality  of  tetanus  in  glj^cerinated  virus  depends  largely  upon 
the  number  of  spores  contaminating  the  virus.  Large  quantities, 
namel^y  forty  times  the  minimal  lethal  dose  (lOxMLD),  remain  alive 
and  active  over  a }*ear.  Smaller  amounts  may  disappear  in  four  to 
seven  months.  Yerj  small  amounts  (1 X MLD)  have  in  one  of  our 
experiments  lost  virulence  in  one  month  and  failed  to  grow  in  bouillon 
in  two  months. 

On  the  other  hand,  these  verv  small  amounts  of  tetanus  mav  remain 
active  for  months  in  giycerinated  virus  in  capillar}^  tubes.  In  one 
instance  as  small  a quantity  as  0.000055  c.  c.,  which  was  about  two  and 
a half  times  the  minimal  fatal  dose,  remained  active  seven  months. 

In  vaccinal  “lymph”  on  dry  points  the  spores  may  begin  to  lose 
their  virulence  in  two  weeks  and  be  dead  in  two  months.  Usually 
they  live  longer.  We  found  them  alive  and  virulent  in  points  that 
had  been  contaminated  with  50  X MLD  about  ten  months  (two  hundred 
and  ninety-five  days). 
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